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A luminium 


8291 
THE BRITISH ALUMINIUM . 
109, Queen Vietenta St., London, Rs. 


A. G. M2™!ord, Le 


CULVER STREET WORKS, COLCHESTER. 
Ow ADMIRALTY axp War Orrice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, pages 33 and 96, last week. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FREED REGULATORS. 
in as su: to the 
And Auxiliary —— sity. pplied ome 


J ohn H, Witeon& Co.,Ltd 


Birkenhead. 


See Illustrated Advertisement 
Page 141, Feb. 27. 


LocomotiveShunting Cranes 
Seca and Eiiectric 


ranes, 


BXCAVATORS, ORANE-NAVVIES, GRABS, 
CONCRETE-MIXBRS, 
SHIPS WINDLASSES, WINCHES, and 
DECK MACHINERY. 














6770 
Lists oF Sraxparp §1sEs On APPLICATION. 





London Office 
15, VICTORIA STREBT, 8.W. 1. 


Craig & Donald, Ltd., Machine 
MAKERS, Jonnstonxg, near Glasgow. 
For class of Machine Tools see our reas 


Advertisement every alternate week. 
CHANTIBRS & ATELIERS 


A "828tin - NJormand 


67, rue de "alea HAVRE 











ee ~~ 
NORMAND'S Patent Water-toheBetions Uoal or Oil 
Heating. Diesel Of] Engines. 
Bilectric Lifts 
(UP TO 3% ‘3% TONS.) 
8. H. HEYWOOD & CO., LTD., six 
REDDISH. 
Qteam Hammers (with or 
TOOLS for Stor SREPBOTLD RES 2 & BOILBRMAR BRS 


DAVIS& PRIMROSE, 1 


Brett's Patent | fiter (Co. 


Lammers, 3 Preases, F Furnaces, 

















Borer, Dor BRAD ng Co., Lad., 
sso WiDING, HA EGIEES F Duin aid Om GbatPaascnG 





ranes.—Electric, rawr 
RIDBRASLIO and HAND, 


of all Md sta sizes. 
SRORGE RU 
pit & Sa-.hED, oe 





arrow & Co., Ltd., 


¥: SHIPBUILDERS AND BNGINERRS, 
GLASGOW 


SPEEDS UP TO 46 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 
ExoxprTionaL SHattow Draveur. 
iepais on Pacific Coast 
by YARROWS, ——_ Victoria, —— 


7168 
SHIPBUILDERS, SHip REPAIRERS AND ENGINEERS. 


les Limited, 


ENGINEERS, IRLAM, MANCHESTER, 
FREED WATER HEATERS, F 
Row’s 


OCALORIFIERS, BVAPORATORS, > bp, vewrs. 


CONDENSERS, AIR HEATERS 
Merrill’s Patent TWIN STRAINERS for Pump 


Suctions. o 
SYPHONIA STEAM TRAPS, REDUCING VALVES 


class GUNMETAL STRAM FITTINGS. 
ATER SOFTENING and FILTERING. 5723 





(ampbelis & Hee, L@- 

SPECIALISTS IN 

Drillers & Boring Machinery 

for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LEEDS. 


b Launches or Barges 


Bullt complete with Steam, Oil or "Pere 
Motors ; or Machinery supplied. 


4547 





VOSPER & OO., Lrp., Broap Street, dicen 





be AND 


(Cochran A ROSS-TUBB TYPES. 


Bol ers. 
See page 17, March 12 8205 


lectric ranes. 
E Crenes 


S. H. HEYWOOD & CO., LTD., 
REDDISH, 


FOR A 
ro orgings 
GARTSHERRIB ENGINEERING & FORGE OO., 
Su, Wellington Street, Glasyow. T1808 
l1crometers 











Stock. 
THE 
Newall Eypgivecring (Co. 
mars a ‘ar 18% 





Plank Locomotives 
8 Workmanshi 1 
pecification and p equa! to 


Main Line 
R. 4 W. HAWTHORN, LESLIE & OO., a Ss 
ENGINEERS, NEWCASTLE-ON-TYNE. 


Hyzcavators. 





FROM 50 TO 600 YARDS PER HOUR. 


D: 








43 Meslic Fess i 


[tubes and PPittin 
IRON AND STEEL. 
Stewarts and I loyd’s, | td., 


aan SWALD 8T., GLASGOW. 
BROAD STREET CHAMBERS, BIRMINGHAM ; 
— LONDON it on 
ER 


LNCHEST BoaD Sraeer, B.C, 
LONDON WAREHOUS. 


BIRMINGHAM _ WARBHOUSES— Nix STREET, 


arrow Patent 
Wieter-Tube Boilers, 


T7e 
W & OO., UNDERTAKE tke 
NING of the various 





ellamy 


MILLWALL, LONDON, & 
GeweraL ConsrrvctionaL Bueinerns, 1216 


Boilers, Tanks & Mooring Buoys 
STriLis. Purnou tT 
CHIMNEYS, 

Pires, Hoppers, ) og Worx, 





. KINDS, 
RAILWAY AND TRAMWAY ROLLING STOOR, 


H™= Nelson & (Co | Pre 


Tur Giaseow Routive Srock axp rue 





sin Advertisement page 28. 8187 MOTHERWELL. 
ie inished Bae 8 H WwW teo (° 
2 ie rapid erga and ngs ead, righ n & ” 
me cost by eliminati 
mag derinaaration te pssunisen tis Genenne LIMITED. “ 
.» Litd., Mire. 00. aeere we London, N, 18, 


I 
overing 


for 
all pressures & purposes. Aseu eee tied tor tM tovt. 
SPaRKLETs & GEvERAL Mro. Co LA. Edmonton,N. 18 


ocomotive [[‘raversers 
(ELECTRIC). caee 


8. H. HEYWOOD & CO., LTD., 
REDDISH. 
' yte Glasgow Railway 
Com 
‘GUvAR, & Seeme Company, 
London Otice—t4, Vitorts Shree, 8.W. 
ACTURERS OF 
RAILWAY CARRIAGE, ¥ WAGON & TRAMWAY 


a 
CARRIAGE & WAGON IRONWORKS, also 
CAST-STKEL AXLE BOXES. 8857 











Time Recorder, as New, 
guaranteed, latest model. WHAT OFFERS ? 
—A. G. PELLBY, 149, Farringdon Road, B.C. 





GOLD MEDAL-Invexrions Exuizirion. Awanpep. 


Puckhan’ s Patent sa aps 
verre pF ky iT FERRY 
| poneigg er ~~ WORKS COMPANY, —_ 


B.—H peatie Cranes, Grain Elevators, &c. 
See ites. Advt. last week, page 15. 








yes Rubber MANUFACTURERS. 
1, Umtow Street, 
LEICESTER. i cen 
ui 
#6 pencer- |] opwood’ Patent Hose .oa 
= ; Boilers. GUTTA PERCHA & RUBBER, LIMITED 

W. H- Oe pase 18, Bis Seem, aes ei A ‘Tes 
The (Cambridge and pau €€’8 pyar Pacumatic ASH Ejector. 
> "comin tena Me 
[nstrument ¥.3. TREWENT uNT & PROCTOR, Lew. Noval Aout 
81% tecte and Survepers, ©, ES Bidgs., Billive Se. 


COMPANY, LIMITED. 
Wonras : Cambridge and 
New Southgate, London, N. 11. 


J. Davis, ML ier oz 
=| peta hae ot 
Railway Wegon., Coupling 

WELDLESS CHAINS. Lep.. Coatbridge.” 
Iron and Steel 
ubes and ittings. 
rflubes ond Plttings. 
The Scottish Tube Co., Lid., 


Heap Orrice: 34, Robertson Street, Glasgow. 














W cldiess-8¢ ss-St ‘eel Tubes 
waists Bates 





iesel Driven Generators, 
400-500 Kw., D.C., Te 380 
as on — could uld be sold 
nes 

Ale TWO Kw. ed 
230-250 Voite, D.C. (in series dab eee volts), complete 
with Spare Armature and Cendenser. 

a rast TURBLN B SBT, Willans-B.C.0., 200 Kw. ze 
440/500 Volts. Complete with Condenser,Pumpes, 

JENNINGS, 


West Walls, Newonstie-on-Tyne. 7969 
ON ADMIRALTY List. 


ohn Kirkelay, Ltd., 


and Distil 
Part ey 


Water Distillers. 
Peed 


Seattenr Sestess Celaconam, 





~|J 





Repaeeeeeas pie S- 


fc, &c. 1126 


See Advertisement page 56, March 12, 


Mitthew paul & (o., >» Li | 
Leverrorp Worxs, Dumbarto Dn. res9 
See Full Page Advt., page 93, March 5. 


['aylor & (jhellen 


Presses. 


TAYLOR&CHALLEN, Lp., Engineers, Bimminenam 
See Full Page Advertisement, March 5, 


Gteel (jsstings. 


THOMAS SUMMERSON & SONS, Lep., 














DARLINGTON. 7903 
ilectric [| ‘ransporters- 
8. H. HEYWOOD & OO., LfD., 8143 
REDDISH. 
AWRIAL ROPEWAYS, vAYS, 
teel (jestings. 
; Sonn BENDBRSON & by 





P. & W. MacLellan, Limited, 
CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGORS 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, £c. 
Chief Offices: 199, Trongate, Guascow. Od 8347 
Registered (ffices: 1084, Cannon 8t., London, B.O, 


(Feorge A lezender 
M2chinery [4 


83-4, CoLEsHiLL STREET, BIRMINGHAM, 


Machine Tools. 


Sprctat Maceines, 





Sma Toor. 


art Sean Hammers 


Mais. 


















ower ammers 
team 4” /' riction 
rop ps. 
B. & S. _ LANO} iB ; 
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’ 
[the Manchester Steam Users 
ASSOCIATION. 
For the prevention of Steam Boiler Bxplosions and 
for the attainment of Economy in the Application 
of Steam, 9, Mount StreeT, MANCHESTER. 
Chief Engineer: C, B. STROMEYER, M.I.C.B. 
Founded 1854 by Str. WrLLIAM FAIRBAIRN. 
Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages 
and Liatilities paid in case of Explosions. Engines 
and Boilers inspected during construction, _8443 


he National Foremen’s 
ASSOCIATION or Tur 
BNGINEERING AND ALLIED TRADES. 
(Registered under the Trade Union Act.) 


An Association specially formed to look after the 
interests of Foremen on their Supervisory Cooney 


Head Offices— 
$1, High Holborn 
General Secretary. London, W.C.1. 


[2 C.E, Exams.—Over 300 
d ey Several 

prizes. Sec. by Aca now parquet (Designs, 8S pect- 
tt and tities). Af open.— 
Address, 7434, Offices of Brermenaive. 


rrespondence Courses for|? 

BSc., Inst. O.H., I. Mech. B., all BNGI- 
NBERING BXAMS. Special Courses and Single 
Subjects. Personal tuition.—For full particulars 
apply to Ma. TREVOR W. PHILLIPS, B.Sc. (Hons.), 
Assoc.M Inst.U.H., M.R.S.1., ete., 8-10, ‘ord 
Chambers, 58, ‘South John Street, Liverpool. __ 8423 


[*. C.E., I. Mech. E., B.Sc., 


and all Bngineering Bxaminations.—Mr. G. P 
KNOWLBS. B. Assoc M Inst. C.H., F.8.I., 
M.R.Sen.1., PREPARBS CANDIDATES personally 
or by correspondence. Hundreds of successes. 
Courses may commence at any time.—39, Victoria 
8t., Westminster, S. W. 8394 


M.LC.E. and A.M.ILM.E. 


« Tuition. Alse Postal Courses in Mechanica) 
neering, Airoraft Design and Mathematics. — 
NING ‘ONS, 254, Oxford Road, M: er. 


Il communications to— 
H.W. 














Bn 
PE 


METROPOLITAN BOROUGH OF SHOREDITCH. 
ELECTRICITY SUPPLY DEPARTMENT. 


['enders are Invited for the 


tele, BR, DBLIVERY and ERECTION of 
the wa Hf PLANT — 
ATER-TUBE BOILER, 33,000 Ibs. 


oe ne. 8000 K ‘Ke 7. FURBO - ALTERNATOR, A.C., 


E. ik .T. a D.C. SWITCHGEAR. 


EWTON RUSSELL. 
Borough Blectrical Engineer. 
Electricity Supply Department, 
Coronet Street, Shoreditch, N. 1 F 399 


CLYDE LIGHTHOUSES TRUST. 
The Trustees invite 


E2guiries for the Sale or Hire 
their DREDGER “WILLIAM 4H. 
nantly ” which is in excellent order, The 
redger is at present in the West Harbour, Port- 
Glass lasyow. It is ble of dredging 500 tens per 
hour at 42 feet depth, self-propelling, speed 5 knots; 
two sets of aad 0g large and small. 
os a particulars of the vessel from Messrs. 
& ©. STEeveyson, Civil Engineers, 84, George | ° 
Street, Edinburgh. 
nquirtes for sale or hire to be made to the under- 


J. F. ANDERSON, 
Olerk to the Trustees. 





sign 


137, St. bomen Street, 
llth March, 1920, 
CITY OF MANCHESTER. 


[ihe Electricity Department 

have FOR SALE, SIX Babcock & Wilcox 
Land-type WATER-TUBB BUILEKS, each with a 
maximum evaporation of 15,000 Ibs. per hour. 
Working pressure 200 lb. tq. in. In good 
condition and the Insurance Company’s reports can 
be inspected. The Boilers can be seen Mondays to 
Fridays, 10 a.m. to 12 noon, and 2 p.m. to 4 p.m., at 
the Stuart Street Blectricity Works, Bradford, 


F377 











TENDERS. 
MANC HESTER ‘SHIP CANAL. 
CONTRACT | No, 184. 


The Directors of the Manchester Ship Canal Com- 
pany are prepared to receive 


M\enders for the Construction 

and DELIVHRY of a RELNFORCED CON. 
ORETE CAISSON required at the Oil Dock, now in 
course of construction at Stanlow, on the northerly 
side of the Manchester Ship Canal, jn the Urban 
District of Ellesmere Port and Whitby, in the 
County of Chester. 

The Drawligs may be inspected and copies of the 
Specifications, Bill of Quantities and Form of 
Tender obtained at the Office of the Chief Engineer 
Mr. H. A. Reep, M.inst.C,H., 41, Spring Gardens 
Manchester, on and after 15th March, 1920, on 
payment of « wepeen of two guineas, which will be 
returned on receip’ of a bona fide Tender. 

Sealed Tencers a idressed to the undersigned, and 
endorsed ** Tender for Reinforced Concrete Caisson,” 
should be delivered at this Office on or before 
10 a m., on Thursday, Aortiee, 1920. 


41, Spring Fasten. 
Mane hester. 


“OLY DE NAVIGATION. 


PLANT FOR SALE AT PRINOB’S DOOK 
POWER STATION, 


The Trustees invite 


[lenders for the Purchase of 


DISUSED PLANT at Prince’s Dock Power 
Station, ognewns. of a BELLISS DUUBLE. 
ACTING COMPOUND STEAM ENGINRB, on 
Combined Soleplate coupled to a Silvertown Com. 

und Dynamo of 60 Kw. and 250 volts D.C.; a 
fr IRRLBKS WATSON SINGLE-AOCTING OuM. 
POUND StBAM BNGINE with Dynamo of similar 
type and size; aleo STEAM and EXHAUST PIPES, 
e and Seven MARBLE PANKL SWITCH: 
BOARDS, with FITTINGS, 

The Purchaser to take down and remove the 
Plant when required by the Trustees. 

For particulars apply to the Mechanica) Engineer, 
16, Robertson Street. 

Tenders to be lodged with the undersigned not 
later than Monday, 12th April. 

The Trustees may not accept the highest or any 


Tender. 
T. R. MAC KENZIB, 
General Manager and Secretary. 
16, Robertson Street, Glasgow, 


12th March, vo F 295 


orth Eastern Railway. ~~ 
WAGON WORKS, FAVERDs» LR, 
DARLINGTON.—TO BUILDKRS AND CON- 
Zueetoe The Directors are pre to receive 
TENDERS for the ERKCTION WAGON 
BUILDING WORKS at Faverdale, Darlington, 
comprising: Forge, Shops, (Offices, ete., totallin 
approximately a floor area of 70,v0u super "yards, 800 
tons of Cast Iron and 3,120 tons of Steel and Iron. 
ARCHITROTURAL WORKS :— EXCAVATOR, 
BRICKLAYRR and MASON, CARPHNTER and 
JOINBR, SLATEN, PLASTERER, PLUMBER and 
GLAZIBR, IRONFOUNDBR and PAINTER. 
ENGINKERING WORKS :—EXCAVATION OVER 
SITB, DRAINAGB and SEWERAGE, ROAD 
MAKING, FENCING and GATES, and BAL- 
LASTING 
Pians and Specification may be seen, and Quantti- 
ties and further information obtained upon applica- 
tion to Mr, AuTHuR PoLLarp, the Company's 
Architectat York on and after 15th March. Quan- 
tities supplied on personal application to parties 
tendering for the whole of the works. Sealed 
Tenders, marked “Wagon Works, Darlington,” 
to be sent to the Secretary at York not later than 
Nine a.m. on 12th April.” The Directors do not 
biud themselves to —- the lowest or any Tender. 
W. H. D, DRVEY, 
for the 


beanies 17) 


of 


York, 5th March 1920, 





er. The purchaser will be required to 
bear be costs of dismantling and removing. 

Full particulars from Mr. 8. L. Pearce, Chief 
Engineer and Manager, Blectricity Works, Dickin- 
son Street, Manchester. 

Tenders, addressed to the Chairman of the 
Blectrichty Committee, must be delivered at the 
Town Hall, Manc: ester, ~~ later than 10 a.m., on 
Wednesday, the mh April, 1 

OMAS. HUDSON, 

Town Hall, SF Town 

_16th March, 1920. 


TYNBMOUTH i + na ELECTRICITY 


Clerk. 
F 





SALE OF STEAM G GENERATORS. 


The Corporation of the County Borough of 
Tynemouth are prepared to receive 


(fers for the following Plant, 


viz:— 

Two Holmes-Bellissand One ee ig 
STEAM GENBRATORS, each of 190 Kw. Direct 
Current. The Holmes Dynamos are compound 
wound suitable for from 440 to 550 velts, and the 
Westinghouse Dynamo is compound wound for 500 
to 550 volts. 

The Engines are six-cylinder com pound fer 150 Ibs. 
steam pressure and 100 degrees superheat. They 
can be converted to triple expansion type, if desired. 

The whole of the plant is in first-c condition 
and of be inspected, by agoctasment, at The 
Electricity Works, Tynemouth. The Corporation 
are prepared to receive Tenders forthe whole or part 
of the Sent. and if desired, agg would sell the 
engines and dynamos sepa: ratel 


For a So 35 i i to the A ae 


lteciricliy Works, 
ynoemouth. 
9th March, 1920. F 


. peng : 
MINISTRY OF MUNITIONS. 


BY DIRECTION OF THE DISPOSAL BOARD 
(PLant anpd Macuiwery Sercrioy). 





SHIPYARD PLANT. 


Ro Sale by Public Tender, 


ng at 
wee sHiPYARD, CHEPSTOW. 


—— of High-class 
sHIPY T, including— 


es Sanus rf MACHINES by Hugh 
COUNTER eee MACHINES by John 


Hetheri pages & 
LATE p PUNCHES b zn Doms ie. 


BOGHY and STANDARD type RADIAL 
souiWwinta iia — by Joshua Heap, and 

souMW-OUTTING Li “LATHES by Broadbent, and 
PLATE - STRAIGHTBNING ROLLS by Henry 


Ber 
WOODWORKING orang aio by J. Pickles, 
. Y, my ye T. White Bo Re MeDowall, 


kin & Co, and JE 
SMITHS HEA RARTHS and COPPERSMITHS' 


OOM PRESSORS 
AIR "oat ais BS80 A. SLD STEEL AIR 


Fall bon BO and Precis 0 
Tender Forme can be had on 
CONTROLL 
Charing Oross 

Tenders to 
24th March, 


y for Bald vos Serpe st all book 
eee Seige ra 


to View, and 
pplication to the 
Plant and "Machinery Section, 


240 | and ex 





THE CARDIFF GAS LIGHT neshamae COKER 
COMP “reg eae 


(Ofer, For Sale 


‘AND STOKING ‘nant 
Two Compressed Air 4 Tete veg 
One sresstcongeus Charging and a Discharging 
ne 
These machines are in running order, well 
equipped with spare and may be seen in 
action at the Grangetown Gas Works, Cacdiff. 
Latest date for receipt of offers, April 1 19th. 
BORGE OLARRY, F431 
General Manager and Secret tary. 
TYNE IMPROVEMENT COMMISSION. 


HYDRAULIC ACCUMULATOR. 
The Tyne Improvement Commissioners invite 


enders for the a upply and 

ERECTION at Albert Ed eS North 
Shields, of a HYDRAULIC ACCUMULATU 

A copy of the form of Tender, Conditions Pr Con- 

— —_ ws coe fication, and a copy of the Drawing, 

from this Office on x ment of a 

depout of of — ey The oh eg will be returned 


ey > ~ sealed ptm . * endorsed “ Tender 
for Hydraulic Accumulator,” to be addressed to the 
undersigned, and delivered to Rg not later than 
Noon on Friday, the 9th April, 

The Commissioners de not bind themselves to 
accept the lowest or Kay A Tender, 


order, 
J. McD. MANSON, 
General Manager bee Secretary. 
Tyne Improvement Comm 
N pes - a. 





F417 





aaNCHBST EG CORPORATION GAS 
DEPARTMENT. 


TO STEAM LOCOMOTIVE MAKERS. 
The Gas Committee are prepared to receive 


[renders for the Supply ply and 


DELIVERY of a SADDLE TANK STEAM 
LUCOMOTIVE at their Bradferd Road Gas Works. 
tion and Form of Tender may be 
obtained on application to the Su perintendent, Gas 
Department, Town Hall, Manchester. 
Any further particulars and permission to oe 
the Sidings may be obtat on application 
Mr. WM. Nuwsicarne, Engineer, at his office, 
Rochdale Road Station. 
Sealed Tenders, addressed to the Chairman of the 
Gas Committee and endorsed, “Tender for 
Locomotive, Bradford Road,” must be delivered at 





362 | the Gas (ffices, Town Hall, not later than Five p. m., 


on Thureday, the 25th March, 1920. 
The Gas Committee do not bind themselves ‘to 
accept the — or = lender. 
By Ureer, THOMAS HUDSON, 
Town Hall, Manchester. Town Clerk. 
15th March, 1920, F 








APPOINTMENTS OPEN. 


A Saistant Master Required 


ae ~ —— — Must om had roa 
pe ce in teaching elementary ap maths 
and science and machine drawing. Malary £25u to 

2300, accordipg to aa 0 ere Replies must be 
received by 2th.—Address, THE 80 PERIN- 
TBNDENT, Royal Aircraft Establishment, South 
Farnborough. D 98 


WIGAN AND DISTRICT MINING AND 
THOHNICAL 74L COLLEGE. 








anted, Engin neering Work- 
shop INSTRU 

1 Roiineorin should have oma technical knowledge 
te) 


rd (a - my hee well as wide practical expertonce 


Initial salary upto yon ge ngs ne ualifications 
ence, A salary,scale in S aputehunes with 
which increments will be payable is under review. 

Further lars may be ned from the 
PRINCIPA whom applications should be sent 
by March ‘and. F 262 


LEYTON HIGHER EDUCATION COMMITTER. 
LEYTON TECHNICAL INSTITUTE, 
Headmaster : P. J. Hater, B.Sc., A.M.I.Mech.E. 


APP plications are Invited for 


an INSTRUCTOR in Workshop Drawin; 
and other neering subjects at the Day Bagh 
neeringiand Trade School. Bngineering degree or 
works experience and teaching ex ence a 
recommendation. Initial salary from to £275 
according toexperience. Scale under consideration, 

For forms of application send stamped addressed 
envelope to 





R. J. GELDART, 


Olerk to the Gevernors. 
Town Hall, 


. 10. 

4 March 9th, 1920. F 212 

SUNDERLAND EDUCATION COMMITTEE. 
JUNIOR TECHNICAL SCHOOL. 


A plications are Invited for 
¢ POSITION of MASTER in the above 
School. Candidates must ualifications 
ae ears | on in Brectical Mathematics 
——— Mechanics, and some practical 


n Engineering. 
aide for — or mans with La nee 
a. £u ing by. annual increments of 
ado ecm par yreby my LA ments of fee ge 
(including works ex ), up to 
mmanitnum, of 10 years, will be ye te csane te 
xing t salary—e.¢., with "approved 
service the initial salary would be 20. 





heen 3 But 
be lodged inser fan 10 10 a ” =| wanes ed 


cone | A Pe 





- amas HESTER MUNICIPAL 
COLLEGE OF PF TECHNOLOGY. 


pointment at of an Assistan: 
LECTURER in ELECTRICAL ENG: 


“ oy 
The Governing ag f invites applications for 
Assistant Lectureship nm Electrical Engineering : 
the Co'lege of Technology. 
Salary, 2350 per annum. 
Conditions of appointment and form of a 
on ma: 


rg yh 
April, 1900." 

Canvassing, either directly or indirectly, w‘|) 

disqualify a candidate for appointment. F 422 
ROYAL AIR FORCE. BOYS’ TRAINING 
CENTRES. 

TEMPORARY APPOINTMENTS ON 
EDUCATIONAL STAFF. 

ihe Services of : 

limited NUMBER of TEACHERS 

are REQUIRED for duty in the Boys’ 

Training Centres at Halton, near Wendover, Bucks 
and at Flowerdown, near Winchester, to give in. 
struction in some or all of the ioe ek subjects: 
English, Practi ath M » Heat 
Blectricit ty. 

Rate of Salary, £250 to £300, according to quali 
fications and experience. 

Teachers appointed te these temporary posts, 
whose work is well reported upon, and who have 
the requisite academic qualifications, will be con- 
sidered for transfer to the permanent: staff as 

es occur. 

Applications giving full particulars in regard to 
eae training and experience, together 

of recent testimonials, should be for- 


warded Teasteetety to the SHURETARY a 2. B). 
Air Ministry, Kingsway, W.OC. 2 


(Chartered or other Fally 
QUALIFIED ACCOUNTANT WANTED for 
large Marine Engine Works on North East Coast.— 
Address, stating qualifications, salary, age, and 
general experience, F 324, (-ffices of ENGIN: ERING. 
ssistant Cost Estimator 
REQUIRED boiler department of Lendon 
engineers; technical training essential.—Address, 


stating particulars and sa required, F 248, 
Offices of BneINEERING. we 


Wanted. Cost Clerk, Young 


Man, 25-30, preferably trained in Engi- 
neering Works Office. ust be experienced in 
modern methods of keeping cost records, wayes 
and material. Cardiff District.—Address, stating 
age, experience in detail, salary required, F 326, 
Offices of ENGINEERING. 

ate Fixer.—A Large Enyi- 
neering concern in the oa le district. 7 
a. an experienced manufacturing KNGI- 
te organise and control rate fixing 
+ eee a Applications only invited from those 
who are conversant with latest manufacturing 
methods of electrical and mechanical details in 
machining and assembling oyerations. Good 
education and tactful dieposition indispensable. 


State age, experience and salary required.— Address, 
F 350, ‘ -ffices of ENGINEERING. 


n Assistant to the Works 


Manager of a large Automobile Company 
REQUIRED. Applicant must be a real live man, 
accustomed to the most modern methods of practice 
in machining and erecting shops, and capable of 
intelligently dealing with <1 henna ters in general. 
—Address, giving full particulars, F 310, Offices 
of ENG@LYEERING 


anted, Commercial 

MANAGER, for White Metal Foundry in 

pase to assist in developing its commercial 

— lities. Must be energetic and resourceful.— 

~e with full particulars of previous experience, 
etc., F 344, Offices of ENGINEERING. 


A Sian Factory Manager 
WP eo for Engineering Works in 
produc small repetition work in 

ony variety. Ape’ fcants must have had similar 
= be good production Songeneers- State 
uired.— BOX 2283, Happon’s 

Siventoton mney alisbury Square, E ‘0.4 F375 


ssistant, Commercial 
Manager,— Well-educated MAN about 35 

— of Ana) CR kQUIRED by a large engineering 
rm in London. Should have sound business and 
organizing ex ence and sufficient general 
electro-technical knowledge to supervise corres- 
pondence. Would be required to exercise contro! 
over an experienced indoor Staff of over 100 persons. 
- . aves. age, education, experience and 
salary required, BOX No. 6. 1760, care of 
Dawson's, Advt. Basen 121, Cannon St.,  beaens: 
4¥ 


(ie Engineering Assistant 
WANTED, for Engineer's Office in which 
Industrial Buildin, are chiefly dealt with. 
London District. ust be capable of taking full 
charge of Drawing Office. Commencing salary 
£400. State age and experience.— Address, F35%, 
Offices of En@INEERING. =~ 
THE COMMISSIONERS FOR THE POkT 0! 
CALCUITA. 


lica 


be obtained from the REGIS RAR 
soelpt or; Manchester. The last dat 
of applications is Monday, 121): 



































ASSISTANT ENGINEERS. 


y | the Commissioners Require 
the services of yg CIVIL ENGI- 
N#ERS with experience in Dock and Harbour 
Works. The salary aot > Re. ood Teo 
aps increments mon: 
toa Lessons of Re. 700 per Seth, without free 
uarters. A first passage will be paid by te 


Candidates should be about 30 years of age, sud 
gga wah will be given to those who hold a degre: es 
means belong to the Institution of Ci: 


y ‘ 
ence, md 
sles Rong age and Sage “ 


veer J. adam te M.Inst.C.B., | 
Consul and London Agent, 


Street, 
“Westminster. F 34 
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ANALYSIS. BY X-RAYS. 


Srartine from the view that the atoms in a 
crystal are arranged in a kind of three-dimensional 
grating, M. von Laue in 1912 passed a pencil of 
X-rays normally through a crystal, backed by a 
photographic plate, in the hope of obtaining some 
evidence of.the spacing of the atoms in the crystal. 
The interpretation of the grouping of the dark 
spots produced on the photographic plate was diffi- 
cult, and the method seemed to demand the use of 
crystals the known crystallographic form of which 
facilitated the deductions. But Laue’s collaborators 
Friedrich and Knipping, as well as the Duc de 
Broglie, also tried powdered materials. 

The remarkable successes, however, which Pro- 
fessor W. H. Bragg and his son, Mr. W. L. Bragg, 
obtained by a more expeditious method, simpler in 
its calculation—namely, by letting the pencil of 
monochromatic X-rays fall on a crystal face at 
grazing incidence so as to be reflected—concen- 
trated attention on crystal analysis by X-rays. 
But the study of other methods and of powdered 
materials was not neglected, while parallel with it 
went the further investigation of X-rays definitely 
for analytical purposes, and not only in the general 
interest and for ithe radiographic examination of 
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living and dead matter. The two main directions 
in which X-ray analysis has recently developed, were 
reviewed by Professor W. H. Bragg, F.R.S., when 
delivering the third Silvanus Thompson Memorial 
Lecture before the Réntgen Society on March 2, 
and with this lecture we propose now to deal. 
One of the new developments depends upon the 
greatly-refined methods of distinguishing atom 
from atom; the other relates to the power of 
distinguishing crystal from crystal in a conglomerate 
mass. Both the methods of analysis make use of 
the X-ray spectrometer, and both the fields differ 
greatly from those in which light and chemistry are 
accustomed to operate. The first method is based 
upon the exact relation found to exist between the 
atomic number* of an element and the frequency 
of its X-radiations; the X-rays at once assign any 
atom, whether separate or part of a compound, to 
its proper place. To make matters clear, Professor 
Bragg referred to the case of silver, the atomic 
number of which is 47. When X-rays longer than 
0-4850 AU (1 Angstrém unit = 10-® cm.) fall upon 
silver, the metal emits electrons at the same speed. 
When the primary rays reach this critical wave- 
length, or become shorter and of still higher fre- 
quency, the characteristic rays of the K series. of 
silver are sent out. There are also other charac- 
teristic L and M series of longer radiations, but they 
need not be discussed in this connection. Thé 
X-rays of the K series are themselves distinguished 
asa, 8, y, rays. Very similar K-rays are charac- 
tic of palladium (atomic number 46) and 
rhodium (45), which are next below silver in the 
order of atomic numbers, as Fig. 1 indicates. The 
four main radiations are grouped in the same way, 
but the whole groups are shifted into the region 
of greater wave-length as the atomic numbers 
descend. 
In Fig. 2 the ordinates indicate frequency (the 
frequency 10! is marked), the abscissae atomic 





* A summary of his redeterminations of Réntgen 
Spectra and of Moseley’s atomic numbers, from sodium 11 
- to uranium 92, was given by Siegbahn in the Jahrbuch 

u. ik, vol. 13, es 296 to 341, 
September, 1916. ® odie 








numbers. The atomic numbers of the elements 
marked are Fe 26, Zr 40, Mo 42, Ag 47, La 57, W74. 
Different rays are absorbed to different degrees by 
elements, and the excessive absorption of the 
characteristic rays is accounted for by theirspecial 
powers. The wave-length , 0-4850 of the strong 
K a'line is especially related to silver, as stated. 
When we try to pass through a sheet of silver 
X-rays of greater \, beginning at about , = 0-6, 
and gradually shorten the ,, we find that the 
absorption diminishes and the penetration is 
facilitated; but at \ =0-4850 the difficulty of 
penetration is suddenly increased nearly eightfold, 
the shorter waves being strongly absorbed. With 
further diminution of ) the penetration improves 
again (see Fig. 3). The effect may be displayed in 
two ways. When we throw an X-ray spectrum 
(from an anticathode of tungsten, e.g.) on a photo- 
graphic plate, the silver in the emulsion absorbs the 
waves on the short side of 04850 strongly as com- 
pared with those on the long side; there is thus 
greater blackening on the short side, and the edge 
is sharply defined. When, in the second instance, 
we interpose a screen of some substance, say, of 
lanthanum (atomic number 57, special ,» = 0-3188), 
petween the bulb and the photographic plate, the 
waves shorter than 0-3188 will be more highly 
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absorbed, the plate will again show shades of 
blackening ; but this time the chief blackening will 
be on the long wave side (with respect to the previous 
blackening). The combination of the two effects 
gives a band bounded by ) 0-3188 and 0-4850. 
Professor Bragg exhibited three such photographs 
due to M. de Broglie. In the second (which we 
reproduce in Fig. 4) the screen was antimony 
(atomic number 51), in the third cadmium (atomic 
number 48). The first band was wider, the third 
much narrower, than the band of Fig. 4, and was, 
in fact, the narrowest possible under the conditions 
because there is no atomic number between those of 
silver 47 and cadmium 48. In all the three photo- 
graphs the silver edge was on the right hand side, 
because the atomic number of silver is smaller than 
that of any of the four elements concerned. If the 
screen had been made of molybdenum (42), the 
silver edge would be on the left and the molybdenum 
onthe right. The edges are so precise that confusion 
between atoms cannot arise, even if the absorbing 
screen be a solution of barium chloride containing 
only 1 mg. of the salt in the track of the rays, as 
Broglie observed. If an edge corresponding to an 
atomic number 43 should be discovered, we should 








know that it belongs to a still unknown element 
fitting into the gap between ruthenium 44 and 
molybdenum 42, one of the several gaps in the 
sequence of atomic numbers from 1 up to 92. 

So far we have dealt with the absorption-band 
method of X-ray analysis. The second method 
has been developed mainly by Debye on the Con- 
tinent and by A. W. Hull and others in America, 
Professor Bragg, in his lecture, referred parti- 
cularly to the work of Mr. A. W. Hull, of the 
Research Department of the General Electric 
Company (not identical with G. F, Hull who was 
associated with E, F. Nichols in the radiation 
pressure verification of 1901). The new method is 
a modification of the Bragg method, and is applic- 
able, Professor Bragg explained, not only to crystals 
several millimetres in dimensions, which are not 
always obtainable, but also to fragments of crystals ; 
one cubic millimetre of material» is sufficient to 
identify any element and compound crystalline in 
structure. The crystals are completely powdered 
up, but the fragments are still crystals. They are 
either loosely compressed to form a thin rod, 2 mm. 
or 1 mm. in diameter, about 10 mm. long (Debye), 
or are placed in cylinders of very thin glass or cellu- 
loid. When a fine beam of monochromatic X-rays is 
sent through the substance, it will meet crystals at 


Fie. 4. © 


every orientation, their distribution being entirely 
at random ; it should be so in fact. There will be 
a certain number of crystals, ¢g., whose cubical 
faces will make the proper angle @ with the in- 
cident rays to reflect the particular rays used ; they 
will not reflect any rays at other angles, and in this 
respect the so-called X-ray reflection—itis not really 
a reflection—differs from ordinary reflection. Some 
planes will be in a position to reflect at another angle, 
and there will be a particular angle for every face. 
The beam is made to fall on the middle of the rod ; 
the reflected rays will lie on a conical surface and are 
received on a photographic screen, either on a plane 
film, on which they produce a system of rings con- 
centric to the spot which the direct, beam hits, or 
on a spherical film curved round that spot. The 
rings so observed are entirely characteristic of the 
crystal. No two crystal-forms give the same system 
of rings, and when the powder is made up of a mix- 
ture of different crystals, each will give its own system 
of rings. In the curved film the rings will ap 
in the shape of arcs or lines, the photograph looking 
like a spectrum. 

lt must be borne in mind that these apparent 
spectra are not spectra in the ordinary sense at all. 
The rings or lines mark the spacings of the atoms 
in the crystal. In any crystal the different atoms 
are placed at the corners of the elementary space 
lattice, ¢.g., a cube, or in other definite positions, 
and we may imagine the atoms to be arranged in an 
infinite number of planes, the planes of the crystal 
faces themselves or of their diagonals, or other 
planes. If there were reflection from all these 
possible planes, we should not observe any in- 
dividual lines, But the term “reflected rays” 
is largely used for convenience and in distinction 
from the transmitted rays of Laue’s first experi- 
mente, What we observe is diffraction subject to 
Bragg’s fundamental law, »\ = 2d ein @, where 
n is the order of reflection, , the wave-length of 
the rays used, d the distance between successive 
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planes of atoms (the spacing), and 9 the angle of 
ineidence of the rays. There will be reflection for 
certain angles: for @, when » = 1, for @, when 
n == 2, and so on, and for no other angles, as we 
have already stated. In his well-known researches 
Professor Bragg turned the crystal round and ob- 
served reflection at certain values of 9, which corre- 
spond to definite spacings d; the crystal structure 
is deduced from three spacings. Professor Bragg 
explained this with the aid of his space-lattice 
models of crystals built up of wires and beads ; 
the beads marking the atoms may be at the inter- 
sections of wires or at intermediate positions. Hold- 
ing such a model in the arc beam so that the pro- 
jection appeared on the screen, he showed that the 
atoms appear to lie in different parallel lines (repre- 
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senting planes) as the model was turned to face the 
beam at different angles. 

In our reproduction of some of Hull’s photographs 
exhibited by Professor Bragg, the beam of X-rays 
was passed either through a circular hole (Fig. 5) 
or through a slit, and the photographic film was 
plane or curved (Figs. 7 to 9); in the latter cases 
only the right half of the picture obtained is shown ; 
the central circular spot, hit by the direct rays, or 
the slit, appear bright. Fig. 5 illustrates the ring 
system of aluminium. The small tube of glass o» 
celluloid was filled with fine filings of pure aluminium 
and was exposed for 3 hours to molybdenum 
X-rays (at 40,000 volts and 9 milliamperes) filtered 
through zircon powder ; the two inner bright rings 
shown are at deviations 29 = 17-8 deg. and 
20-6 deg. respectively. The spacings characterise 
& face-centred cube, side length 4-05 A.U. 

The iron used in obtaining the result shown in 
Fig. 6 was electrolytic or reduced from oxide ; both 
gave identical patterns indicating also a face- 
centred cube of side-length 2-86 A.U. The photo- 
graph, Fig. 7, of electrolytic magnesium, required 
an exposure of 6 hours; the latiice is hexagonal. 

As regards diamond, the various methods of Laue, 
Bragg, Hull and others are in close agreement ; in 
our issue of December 7, 1917, page 594, we referred 
to the work of Debye, who concluded that graphite 
and amorphous carbon have the same structure, and 
that there are hence only two (not three) allotropic 
modifications of carbon. Professor Bragg did not 
dwell upon this point, but exhibited the Hull 
photographs of diamond and graphite (see Fig. 7) ; 
on the diamond photograph, 27 lines can be counted, 
just as many as there ought to be. If X-rays of 
rhodium had been used (instead of the molybdenum 
rays), the number would be 30. 


Our last two illustrations, namely, Figs. 8 and 9, 
exemplify the analysis of alkali salt mixtures. All 
the halogen compounds of sodium and potassium 
crystallise in colourless cubes, and in mixtures or 
minerals containing both the elements it is very 
difficult to settle even by quantitative analysis 
whether we are dealing with (NaCl + KF) or with 
(KCl + NaF), especially in the presence of other 
alkali salts which would affect the proportions. 
The photographs, Figs. 8 and 9, and others exhibited 
by Professor Bragg make this distinction possible. 
Sodium chloride Na shows certain lines and no 
others; KF, NaF, KCl, each have their own lines. 
When any one of these salts is present in a mixture, 





the whole of its lines is seen, and as we have 
‘in special cases to look out particularly for cer- 
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tain impurities, we are provided with a new 
method of analysing mixtures and of testing for 
impurities. 

The method does not look easy; the differences 


of course, not lines of the elements, but lines 
indicating spacings; the coincidences of certain 
lines are mere chance. Yet we have in the case of 
some alloys and minerals hardly any means of 
ascertaining whether the carbon, ¢.g., is present free 
or as a carbide of one of the several possible metals, 
so that this radiographic method may become as 
valuable to metallurgists and mineralogists as the 
X-rays have already proved in testing metals for 
flaws and in other respects. To radiologists the 
method is not difficult, and the long exposures may 
probably be shortened. So far nothing seems to 
have been done with alloys. But no promising 
method is neglected at the present time, and at 
the meeting of the Réntgen Society, those present 
were very grateful to Professor Bragg for having 
dealt with so difficult a subject in such a lucid 
manner, worthy of the great man in whose honour 
the lecture was delivered. 











are not striking, and the lines of Figs. 8 and 9 are, | 





THE ARMSTRONG SHIPYARD. 


Iw the summer of 1914, in connection with the 
Naval Architects’ Congress held that year in 
Newcastle, we published* a brief general description 
of what was then known as the Armstrong Naval 
Shipbuilding Yard at High Walker-on-Tyne, 
promising to give a full account of the construction 
and equipment of the yard at a later date. The 
outbreak of the war, only a few weeks after the 
publication of the article referred to, prevented us 
from redeeming our promise until now, but as the 
subject has rather grown than diminished in interest 
during the interval of nearly six years, the un- 
avoidable delay which has occurred is not without 
its compensating features. As previously explained 
the yard was intended mainly for warship work, 
and it was laid down on account of the fact that the 
distance between the piers. of the swing bridge at 
Newcastle set a limit on the beam of vessels that 
could be constructed at the Elswick yard of the 
firm, Messrs. Sir W. G. Armstrong, Whitworth 
and Co., Limited. More room was also required 
at Elswick for the extension of the Steel Works, 
Engine Works and other departments, and this 
fact also influenced the firm’s decision to.carry on 
their shipbuilding work elsewhere. 

After considering the relative advantages and 
disadvantages of many different sites on the Tyne, 
and on other rivers, the site at High Walker was 
finally selected, mainly on account of its compara- 
tive proximity to the engine works at Elswick and 
its situation on the convex side of a bend in the river, 
which gave a considerably greater length for launch- 
ing than would be available on a straight part of the 
stream. It also had the advantage of being quite 
close to the firm’s existing yard for mercantile work 
at Walker. High Walker is situated on the left 
bank of the Tyne some 5 miles below the Elswick 
shipyard, and about 7 miles from the sea, and as there 
are no bridges crossing the river lower than Newcastle 
the above-mentioned difficulty in connection with 
the beam of vessels built at Elswick was avoided. 
At High Walker, however, the river banks rise 
steeply to a height, in some places, of 130 ft. above 
the quay, so that a large amount of excavation work 
was necessary to reduce the site to a convenient 
level. On the site selected there existed two small 
factories, a village, and a number of old thorough- 
fares and new roads, the acquisition of which 
necessitated somewhat protracted negotiations, but 
on the completion of these, at the end of 1910, the 
work of excavating the site was immediately put in 
hand. 

The total area of the site amounts to 83 acres, 
and, as shown in the key plan, Fig. 1, on page 367, 
it is bounded on the western side by a branch line 
of the North-Eastern Railway, which here runs 
approximately parallel with the river. The line 
is about 68 ft. above the quay level, and, conse- 
quently, it was necessary to use a considerable area 
of land in forming slopes on which railway lines 
would be laid for bringing materials down to the 
yard. The key plan shows that these slopes were 
made at the north-west corner of the site: They are 
wide enough, in one part, to take four lines of sidings, 
and the gradients ate in no case steeper than 
lin 30. Other land had, of course, to be occupied 
by an embankment sloping from the yard level to 
the higher ground, the average vertical height of 
this embankment being about 100 ft. The actual 
levelled area of the yard thus amounts to about 
50 acres, but by further excavation at the southern 
end of the site the levelled area can still be extended 
if necessary. 

The excavation work which, as previously 
mentioned, was commenced towards the end of 1910, 
was entrusted to Messrs. Edmund Nuttall and Co., 
of Trafford Park, Manchester, and the appearance 
of the site at the time of the commencement of the 
work is shown by the panoramic view reproduced 
in Fig. 2, on Plate XX. This view was taken from 
the river on November 1, 1910. After a careful 
survey of the site had been made, 75 section lines 
were stt out between the river and the railway at 
distances of 50 ft. apart, with intermediate lines 
where the nature of the surface rendered them 
necessary. From these sections the volume of the 





* See Exanrerrrvae Vol. xcviii, page 1. 
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excavation up to the 90-ft. level was calculated; but 
above this level there existed a number of irregular 
and precipitous mounds of rocky material deposited 
by old iron works and chemical works of bygone 
days, extending in some cases to a height of 130 ft. 
above the quay level. These mounds were 
separately contoured, and the total volume of 
excavation necessary to form the general level of 
the yard was found to be 3,890,000 cub. yards. 
Additional material had also to be taken out below 
yard level for forming the building berths, and this 
amounted to another 225,000 cub. yards, so that 
the total excavation required was 4,115,000 cub. 
yards, 

The principal difficulty in connection with the 
excavation work arose from the fact that, on a site 
about # mile long and ranging from 1,200 ft. to 
1,500 ft. in width, the variations in level were so 
great and so sudden, that they greatly interfered 
with the laying out of roads to give access to the 
different parts. For this reason it was necessary 
to employ somewhat unusual plant specially designed 
for the contract. Instead of the usual side-tipping 
wagons, Messrs. Nuttall employed rectangular steel 
skips placed on flat four-wheeled trucks for handling 
the excavated material. These skips, which were 
12 ft. long, 7 ft. wide and 3 ft. deep, and held about 
8 cub. yards of earth, were filled by steam navvies 
and then drawn by steam locomotives to a battery 
of four electric cranes, erected close together on 
a specially constructed gantry at the river's edge. 


This gantry, which was constructed by Messrs. | 
Royce, Limited, of Manchester, is illustrated in | 
It was sufficiently wide to | 
apan two lines of railway track and long enough | 


Fig. la, annexed, 


to project for a distance of 32 ft. 6 in. beyond 


the river wall, over a berth dredged for the | 
accommodation of hopper barges. Each crane | 
comprised a travelling carriage with two inde- | 
pendent hoisting barrels operated by 25-h.p. | 
motors, and a 10-h.p. motor was used for the 


travelling motion. The filled skips were brought 
along on the lines under the gantries, and each crane 


lifted one skip by the simultaneous operation of | 


both hoisting barrels. The crane then travelled out 
over the river and dumped the contents of the skip 
into the hopper by lowering one end of the skip and 
at the same time lifting the otherend. This method 
of handling the material proved very expeditious, 
and was satisfactory in every way. Four self- 
propelled hoppers, each having a capacity of 1,500 
tons, were specially constructed for the contract, 
and, as the bulk of the excavated material consisted 
of clay, the sides of the wells were made vertical 
to facilitate discharge; one of these hoppers is 
visible in Fig. la. Under normal working con- 
ditions five loads were usually taken out and 
dumped at sea in each shift, and frequently one 
hopper was fully loaded in 1} hours. Ten steam 
navvies of the crane type, three by Whitaker 
Brothers, two by Wilson’s, and five by Ruston, 
Prostor and Co., were employed for the excavation 
work, and 20 steam locomotives were used for 
drawing the skips to and from the gantries. 

It will be easily understood that the varying levels 


night and day, the roads and yard being lighted 
by arc lamps at night, and the navvies working by 
the light of portable acetylene flares. In this way 
the bulk of the main excavation work was completed 
by the end of May, 1912, and at about this time 
the erection of the shops on the lowered level was 
commenced by Messrs. Armstrong. 

With the construction and equipment of these 
shops we propose to deal fully in later issues, but 
we may state here that they were sufficiently com- 
pleted by October, 1913, to enable shipbuilding 
operations to commence. At this time the keel of 
the first vessel built at the yard was laid. This was 
the Dreadnought battleship Malaya, a vessel of 
27,500 tons displacement and 56,000 h.p., presented 
to the nation by the people of the Federated Malay 
States. The Malaya was completed in 1916, in 
which year the light cruisers Centaur, Concord and 
Cotrageous were also finished at the Armstrong yard. 
The following year saw the completion of the light 
cruiser Furious, eight sloops (each of 1,300 tons), 





the maximum annual output of the yard may be 
taken as about 100,000 gross register tons of 
merchant shipping. Messrs. Armstrong, as already 
mentioned, have another merchant shipbuilding 
yard at Walker, a little further down the Tyne, 
and we understand that part of the old Elswick yard 
will be re-opened for merchant work if necessary. 
The combined production of the firm should thus 
be of material assistance in restoring the country 
to its foremost position among the shipbuilding 
nations of the world. One large merchant vessel, 
the Tairoa, for the Shaw, Savill and Albion Company, 
has already been launched from the Armstrong 
yard, and, at the present time, there are 13 vessels 
with a total gross register tonnage of 95,000 on the 
slips. The vessels building include four 10,000-ton 
tank steamers, a passenger steamer for the Great 
Eastern Railway MHarwich-Antwerp service, a 
9,000-ton cargo vessel, a large P. & O. liner of 
16,000 tons gross register, two Cunard intermediate 
boats, each of 15,000 tons gross register, three 
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two train-ferry steamers, and an ice-breaking 
steamer. The light cruiser Danae and two monitors, 
Glatton and Gorgon emanated from the yard in 
/ 1918, Last year two light cruisers—the Delhi 
|and Dunedin—were finished, as well as eight 
| submarines. The seaplane carriers Eagle and 
| Hermes and the light cruiser Emerald, nearly 
| comp , are now being prepared for handing 
over to H.M. Dockyards, so that, in the aggregate, 
the Armstrong yard has made a very consider- 
able addition to our naval strength. Besides the 
ships mentioned above a considerable amount 
| of work had been done on various war vessels, the 
orders for which were cancelled subsequently to the 


of the site necessitated the cutting of a large number | signing of the armistice. Now that naval con- 
of roads on gradients, to give access from one level | struction is in abeyance, the yard has been, to some 
to another. The conditions were further compli- | extent, remodelled for the construction of merchant 
cated by one of the terms of the contract, which | vessels of all ‘classes, including the largest and 
stipulated that two separate areas should be reduced | heaviest ships, and it is now known simply as the 
to yard level at the earliest possible moment in| Armstrong Yard. In merchant shipbuilding, joinery 
order to enable Messrs. Armstrong to proceed with | work and cabinet-making obviously form a more 
the construction of the buildings. It was therefore | important item than in naval work, and, conse- 
necessary to have navvies working on each of the | quently, it has been found necessary to reorganise 
levels, of which at least four were generally being | and extend the woodworking department of the 
excavated at the same time. “he material exca-| yard. The fitting shops are perhaps rather better 
vated varied considerably, but consisted mainly of | equipped with heavy tools than would be necessary 
a very hard boulder clay. Beds of sand were, | for mercantile work alone, but this is by no means 
however, encountered in different places beneath |a drawback, especially when the possibility of 
the original surface of the ground, and above the | resuming naval construction at some future time 
surface there were vast quantities of refuse deposits is borne in mind. The yard, we believe, is one of 
from works previously carried on on the site ; some the largest in this, or in any other country, so that 
of these deposits, owing to their hard and con-|it constitutes a most valuable addition to the 
glomerate nature, were extremely difficult to deal | nation’s resources for merchant shipbuilding, but 
with. In some of the best shifts, however, as many | it is comforting to remember that it is also ready 
as 1,083 of the 8 cub. yard skips were filled and | to play an important part in maintaining our naval 
their contents disposed of, while, in one case recorded | supremacy should this at any time be challenged. 
a single navvy filled 224 of the skips in a shift of The Armstrong yard alone is capable of building 
10 hours. The work was carried on continuously | about 70,000 tons of steel a year into ships, so that 
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6,000-ton cargo vessels and an oil tanker of 8,000 
tons. 

The original scheme for converting such an 
unpromising site into a modern yard was due te 
Mr. G. J. Carter (now Sir George Carter, of Messrs. 
Cammell Laird), who was also responsible with 
Mr. J. R. Perrett (since deceased) for the general 
lay-out of the yard. An inspection of the key plan, 
Fig. 1, will show that the river frontage, which has 
a total length of 4,350 ft., is about equally occupied 
by the building berths and the fitting-out quay. 
The latter, which has a total length of 2,133 ft., is 
constructed of reinforced concrete, and terminates 
at its southern end in a reinforced concrete round- 
head adjacent to the first building berth. We shall 
deal with the construction of this quay in a subse- 
quent issue, but we may here mention that its length 
is sufficient to accommodate three large vessels 
placed end to end, and that the river was dredged 
to give a minimum depth of 30 ft. at low water 
for a width of 100 ft. in front of the quay. Three 
vessels can be seen alongside this quay on the right- 
hand side of the panoramic view, Fig. 3, on Plate 
XX. On the extreme right of the illustration is the 
Aquitania now being fitted for burning oil fuel, 
and the other vessels are the aeroplane-carrying 
ships Eagle and Hermes. This view gives an 
excellent impression of the present appearance of 
the yard from the river, and also shows some of the 
larger building berths which are situated in the 
centre portion of the yard. The best idea of the 
general lay-out of the yard will, however, be obtained 
from an examination of the key plan, Fig. 1, and 
from this it will be obvious that the main principle 
kept in mind has been to reduce internal transport, 
as much as possible, by placing the platers’ shed 
and frame shed as near as practicable to the build- 
ing berths, while the fitting shops, stores, jomers 
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smaller berths are all arranged on one uniform 
grade and are not piled, The subsoil of all the berths, 
it may be mentioned, is a hard boulder clay with 
good bearing properties, so that piling is only 
necessary for the very heaviest work. 

The crane equipment of a large shipbuilding yard 
is obviously a matter of the utmost importance, 
and this question was very carefully considered in 
laying out fhe Armstrong Yard. The Yard is, at 
present, equipped with four electric travelling tower 
cranes, one of which is kept on each of the three 
jetties between the first four berths and another 
works on the fitting-out quay. The last-mentioned 
can, however, be brought alongside the 1,000-ft. 
berth, so that two of these cranes can be used over 
each of the first three berths and one over the fourth. 
The facilities for handling materials will, however, 
be greatly increased in the near future by five 
additional tower cranes which have been ordered 
from Messrs. Armstrongs and Main, Limited. 
This firm, it may be mentioned, has been formed 
by the amalgamation of the engine works depart- 
ment of the Armstrong firm with Messrs. A. and J. 
Main and Co., Limited, of Glasgow. The existing 
cranes, all of which are visible in the panoramic 
views, Figs. 3 and 4, on Plate XX, were constructed 
by Sir William Arrol and Co., Limited, of Parkhead, 
Glasgow, and are designed to handle a load of 
5 tons at a radius of 120 ft. and a load of 10 tons at 
a radius of 60 ft. A clear lift of 90 ft. above rail 
level is obtained. The cranes consist of a travelling 
tower structure mounted on eight double-flanged 
wheels running on rails laid at 26 ft. 6 in. between 
centres. The tower supports a revolving mast, 
to the upper end of which a double cantilever 
structure, of the over-trussed type, is attached. 
The load trolley runs on the longer arm of this 
cantilever, and at the end of the shorter arm a 
balance weight is placed. The bracing at the bottom 
of the tower is arranged to form a portal, with a 
clear height of 30 ft., so that the ordinary locomotive 
jib cranes can pass easily between the legs of the 
tower cranes. Immediately over the portal, cross- 
girders are fitted to carry the footstep bearing for 
the revolving mast, which is supported laterally by 
large cast steel rollers with their axes vertical, 
working inside a circular steel ring attached to the 
top of the tower. Hoisting, racking, slewing and 
travelling motions are provided, each being operated 
by an independent motor, and all the motors are 
controlled from a cabin situated just below the 
inner end of the longer arm of the cantilever. The 
hoisting speed for a 5-ton load is 100 ft. per minute, 
and a 10-ton load is hoisted at half this speed. 
The racking speed, with a 10-ton load, is 75 ft. per 
minute, and the travelling speed is 80 ft. per minute. 
In slewing, the cantilever arm makes a complete 
revolution in 2 minutes, and the slewing motion is 
fitted with a special form of friction drive designed 
to absorb the shock to which the gearing might 
otherwise be subjected by a too sudden application 
of the brake. The motors are all of the totally- 
enclosed reversing type with slip-ring rotors, and 
are designed for three-phase current at a pressure 
of 440 volts and a periodicity of 40 cycles per 
second ; they are operated by means of drum-type 
reversing controllers. The cranes are provided with 
brakes and anchor chains to prevent them from 
being blown along the track by a high wind. 

In addition to the travelling tower cranes, each 
of the large berths is provided with four electric 
winches with blocks and tackle for shell work, and 
the six smaller berths at the southern end of the 
yard are each equipped with 10 masts and derricks 
with one electric winch for every two derricks. Most 
of the derricks are intended for loads of 3 tons, 
but 5-ton and 12-ton winches are provided here 
and there for specially heavy lists, As shown on 
the key plan, Fig. 1, a line of stendard-gauge rails 
is laid between each of the smaller berths, and on 
this line 10-ton steam cranes can run for general 
work. Seven of these 10-ton steam locomotive 
cranes are employed in various parts of the yard, 
and there are also one 7-ton, three 5-ton and two 
3-ton cranes of a similar type, available for general 
use; most of these cranes were made by Messrs. 
Thomas Smith and Sons (Rodley), Limited, of 
Rodley. One large shunting locomotive, and four 
crane locomotives, capable of lifting 3 tons at the 





end of the jib and 5 tons at a smaller radius, are 
also employed in the yard ; the latter are of Messrs. 
R. and W. Hawthorn Leslie and Co.’s manufacture. 
There are also, of course, a number of cranes and 
lifting appliances on the fitting-out quay, which we 
shall refer to later when dealing with the quay 
itself. 
(To be continued.) 





THE INSTITUTE OF METALS. 
(Continued from page 352) 

Ar the meeting on Thursday afternoon, the 11th 
inst., the retiring president, Professor Carpenter, 
gave a’ brief statement on the financial situation 
of the Institute, and said that in order to meet 
that situation they could only take one of two 
means, either reduce their activity and hold only 
one meeting a year, publishing, therefore; only one 
journal per annum, or raise the amount of sub- 
scriptions. The Council considered the second 
alternative only, and would not think of reducing 
the activities of the Institute at a moment when 
its usefulness was so fully appreciated. They had, 
therefore, decided that whilst the entrance fee 
would remain the same, the annual subscription 
for ordinary members would be increased from 21. 2s. 
to 31. 3s. The subscription of the student members 
would remain at the present figure. A motion 
to the above effect was put to the meeting, and 
was carried unanimously. 

He alluded also to the formation of the British 
Non-Ferrous Metals Research Association, saying 
that this Association had been set up under the 
auspices of the Government. Some of its pro- 
moters were prominent members of the Institute 
of Metals. He congratulated the Association and 
wished it every success, adding that its formation 
had been easier by reason of the existence of the 
Institute. The latter had helped to bring manu- 
facturers together, and among the best friends 
of the Association would be the journals of the 
Institute. 


Firtn REpPoRT TO THE CORROSION COMMITTEE. 


The first paper taken at the meeting on Thursday 
afternoon was the Fifth Report to the Corrosion 
Committee, by Dr. Guy D. Bengough, M.A., R. M. 
Jones, M.Sc., and Ruth Pirret, B.Sc. It was read 
in abstract by the latter, in the unavoidable absence 
through illness of Dr. Bengough. We reproduced 
an abstract of the report on page 357 ante. - 

Professor Carpenter, who opened the discussion, 
said the problem which had to be solved was not 
one of corrosion purely and simply, for it was not 
particularly difficult to find an alloy to withstand 
corrosion ; but what was aimed at was to produce 
an alloy having suitable practical and commercial 
properties, which properties would be evidenced 
both in manufacture and in actual service. The 
Committee, it would be found, had experimented 
with different alloys. The work so far done had 
covered alloys of copper and zinc, and the authors 
had put forward a diagnosis of. the corrosive 
action. This involved a new theory of corrosion. 
The authors had covered also two other points, 
namely, weakness in the tube and conditions 
operating in the condenser. In the first, entered 
the quality of the alloy and the packing of the tube, 
and, in the second, foreign bodies, acids, too high 
a temperature, and speed of circulating water, 
possibilities which had all to be reckoned with. 
The behaviour of pre-oxidised tubes was being 
ascertained in the Navy. One point which had 
come out of the investigation was the examination 
of the structure of the tube, and it would be seen 
that the authors had succeeded in separating a 
layer produced in the drawing of the tube, which 
was characterised by a greater resistance to cor- 
rosion than the metal underneath. This point 
was of great practical importance, and the feature 
would make for a decrease in the chances of corrosion. 
The authors had also described five phenomena 
and also gave five remedies. The thinning action 
in condenser tubes, which took place on land 
installations was always connected with the pre- 
sence of acids. The difficulty in marine machinery 
was deposit attack, and the remedy there was 
simple theoretically ; it resolved itself into keeping 





the tubes clean. The types of dezincification to 
which the authors called attention, formed, perhaps, 
the most important part of the report, and he (the 
speaker) was relieved by their statements as to this 
phenomena, they having concluded that in no 
instance was it a case of dezincification at all, 
there being re-deposition of copper. The water- 
line attack was a special form of deposit attack, 
and the remedy for this was a proper flow, 
flushing the condenser. In regard to electrolytic 
protection, the authors had shown that there 
could be applied large currents in the early days of 
the life of the tube, this allowing a thin layer of 
calcium carbonate to be formed on the surface of 
the tube ; after that, a comparatively small current 
suffices to maintain the layer in situ, even in the 
presence of ‘free carbon dioxide in solution. As 
a whole, the report will undoubtedly be of assist- 
ance both to manufacturers and engineers. 

Dr. Rosenhain found the report very interesting ; 
Professor Carpenter had given of it a very lucid 
summary. He (Dr. Rosenhain) added he will be 
glad to read further data as to the facts which 
had been considered. It frequently occurred 
that on removing a sample for examination, the 
man had, in the process, also removed the evidence ; 
that had frequently to be contended with. The 
altered surface layer referred to was not a new 
point; the occurrence could be noted from the 
work of Sir George Beilby and other observations 
carried out with all kinds of drawn metal. The 
inference the authors had drawn in regard to this 
was not finally justified, unless they had more 
data to go by than were given in the report. The 
difference in corrosion said by the authors to take 
place beneath the surface layer, and their statement 
to the effect that the crystalline material of the 
tube is different from that of the layer, can no doubt 
stand, but he (the speaker) asked whether they 
could generalise upon that. Corrosion occurred 
at the junction between the two, and he thought 
that was all the authors could say. The tube 
was in internal stress when it left the drawbench ; 
there were different kinds of stresses at different 
parts of the tube; material under compression 
differed in behaviour from that under tension, 
and the thin surface layer was pulling against the 
thick other material. The surface layer had had 
a greater stress put upon it than that upon the 
rest of the tube. The maximum internal stress 
of the material could never exceed the elastic limit 
of the material. The authors had called attention 
to the liquation of the ingot, but other causes 
were also at work. When brass was cast scoring 
occurred and zinc went towards the boundaries, 
conditions which were, partly, removed by sub- 
sequent treatment. There was also the effect 
of age which might make a difference in the ease 
with which exfoliation took place and create other 
conditions ; ageing, indeed, might be very im- 
portant. In regard to dezincification, he (the 
speaker) shared Professor Carpenter’s views, and 
had expressed strong doubts that dezincification 
was the main condition in the corrosion of condenser 
tubes. In regard to the corrosion of marine con- 
denser tubes, the main point was to avoid the de- 
posits. Mechanical cleaning was not a problem 
which could be viewed in an attractive light. He 
believed the tubes were all horizontal; if, there- 
fore, deposit was the enemy, why, he asked, should 
not the condensers be designed with vertical tubes ? 
There might, perhaps, be difficulty in doing this, 
but he did not see why it should not be tried. 
Since there is less liability of deposit remaining 
on vertical tubes than on horizontal ones, the 
point was worthy of consideration. 

Dr. O. F. Hudson said he was glad to find that 
the views and conclusions of the fourth report 
had been confirmed and strengthened by the fifth 
one. The results of the authors’ fresh experimental 
work were very valuable. They had shown how 
severe corrosion took place under deposits; their 
explanations were simple and met all the facts of 
the case. Their statements as to dezincification 
were also of great interest and their fresh data 
explained this action. In regard to the slow 
uniform action along the tube, the initiating causes 
were external to the tube, except dezincification, 
and “ dezincification ” was the only severe type of 
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corrosion in purée sea-water. The actual start of 
this action was not yet quite clear; it seemed to 
be associated with a particular property of the 
tube itself. The authors had shown that neutral 
deposits on the tube localised this type of 
attack called dezincification. There was only 
an apparent dezincification as the authors had said, 
and this made the consideration of the problem 
more simple. The importance of the action of de- 
posits on the tube could not be exaggerated, and 
particularly any deposit of a colloidal nature. 

Mr. F. de Wiirstenberger said he had specially 
studied the question of corrosion of condenser 
tubes since the commencement of 1915. He made 
his first experiments on pure copper, instead of 
on brass, and soon ascertained that the dezincifica- 
tion theory was wrong, the corrosion phenomena 
being as characteristic of copper as rust is of iron. 
There may be found many parallels between the two. 
He was glad to see that the present views of the 
corrosion committee as to dezincification were in 
conformity with his own. He soon gave up ex- 
periments with cupric chloride, CuCl,, as he soon 
found that by solutions of copper in any chloride 
liquid, either with or without electrolysis, there 
was always the cuprous salt CuCl, which formed 
first and which never changed into cupric chloride, 
CuCl,, except only under the influence of air into 
the cupric oxychloride, a quite insoluble salt. 
The study of the qualities of the cuprous chloride, 
CuCl, had revealed the most interesting explana- 
tions of the phenomenon. A point in regard to 
which he differed entirely from the views stated 
in the fifth report was that his experiments induced 
him to put electrolytic action in a neutral solution 
absolutely in the first place in comparison with any 
pure chemical action, to which, however, he attri- 
buted an important influence in changing the elec- 
trolytic potentials of the areas on whose surfaces 
they took place. He might say it was undoubtedly 
impossible that pitting throughout a tube 1 mm. 
thick, occurring in about two weeks in common 
and even very pure sea-water, could be explained 
by pure chemical action. On the other hand, 
he produced pitting quite similar to that in con- 
densers, in the course of a few days, with electric 
currents of very low voltage, say only some tenths 
of a volt, in slightly alkaline water. In an alkaline 
solution (ammonia solution always excepted) 
tubes covered with a layer more or less electrically 
insulating, so that the greater part of the tube 
was protected and a current of low voltage found 
its outlet into the liquid at some spots only where, 
through either chemical or mechanical action, 
the insulating film was destroyed. There pitting 
was produced, and this explained the absolute 
irregularity in its happening. He had detected 
lately such currents in a condenser plant in France. 
As a preventive means he preferred to shut off the 
source of such currents rather than create counter 
electro-motive forces by so-called protectors. Pro- 
tective electro-motive forces were always of a more 
or less unstable nature; there was the risk that 
certain parts were at one time anodic and at another 
. time cathodic areas, which were the most dangerous 
conditions for corrosion. He had experimental 
proof that copper and brass corroded in normal sea- 
water, even in the complete absence of exterior 
currents ; but in this case the action was again an 
electro-chemical one which occurred between areas 
covered on the surface of the metal with layers of 
different potentials. The difference of potential 
may be caused by a depolarisation, either « by 
mechanical means, by great water velocity or by the 
springing off of pieces of brittle layers, or, again, by 
chemical means through the transformation of the 
original cuprous chloride into another insoluble 
salt such as, for instance, cuprous oxide, the process 
taking place under the influence of heat, or increase 
in alkalinity by the stagnation of the water, or the 
carrying along of cathodic products. The expla- 
nation of the so-called “deposit attack” was to 
be looked for in such action of local increased 
alkalinity. Acids or ammonia solutions, when 
present, may only produce general thinning. 

Mr. R. T. Rolfe ulated the authors for their 
valuable contribution to the subject of corrosion. 
They had given a very clear explanation of the 
reputed phenometion dezincification, and he 





suggested that in future this should be known °° 
copper-deposition. He called attention to the 
remissness in sending researchers complete data and 
analysis of the water that came into play. But even 
when the data were available it was difficult to 
diagnose the water, difficult to tell the engineer 
what water would corrode. There were no data to 
say what sand and the quantity of sand which had 
a certain action. Information on the water, chemi- 
cal analysis and physical properties—suspension 
matter—he suggested to the authors, would be very 
valuable to record. It was not so much the metal 
as the condition of the water which came into play, 
such as the action of deposits, sediment in the water. 
He asked whether the authors had come to further 
conclusions in regard to the best material for use for 
general and for marine purposes. There was, he 
might mention, a tube on the market for which 
the most far-reaching claims were made in the 
matter of corrosion, and he asked whether the 
authors had done anything with that tube. 

Admiral Goodwin congratulated the authors and 
especially Miss Pirret, who had given an excellent 
abstract of the report. He agreed that the report 
contained a great deal of information on the possible 
and probable causes of corrosion. But there was 
still work to be done, and it would have to be carried 
out until all doubts could be removed and no further 
trouble occurred. He was glad to see the recom- 
mendations as to the information which was asked 
for concerning the water supply and the corroded 
tubes, information which was demanded as complete 
as possible. That information had been acted upon 
by the Admiralty for years past. The returns from 
individual ships were similar in many respects to that 
detailed in the report. The navy had been puzzled 
to find the real cause for corrosion in several par- 
ticular cases where trouble had occurred, jor it was 
difficult to follow the matter up. He (the speaker) 
wanted to know more about the suface layer referred 
to in the report. The Admiralty tubes were drawn 
from a cast shell, of, generally, 70-30 brass, turned 
outside and bored inside, and he would like to know 
whether, in that case, the surface layer was also 
formed. The Admiralty’s object was to secure a 
smooth surface on the tube, one which would not 
attract deposits; but besides that smooth surface 
did they also secure the surface layer the authors 
had referred to? With reference to the placing of 
vertical tubes in condensers, a suggestion put forward 
by Dr. Rosenhain, if vertical tubes could be resorted 
to probably deposits would be reduced ; but in ships 
one was handicapped in reference to space. He 
(the speaker) would, however, look into the matter, 
although he was rather afraid the innovation would 
not be possible. The report had given practical 
recommendations to follow, and in some lines of 
steamers that could be done, but not in the navy in 
many instances, for a ship was obliged to steam 
probably from the White Sea to the tropics, when all 
conditions, such as temperatures and others, varied 
immediately. One method could not be main- 
tained on a man-of-war for any long period. Here 
Admiral Goodwin put in a communication from 
Engineer-Commander Dunlop, who referred to the 
possibility of seaweed giving rise to trouble by stop- 
ping the inlets and otherwise, and causing any 
amount of mischief. Commander Dunlop thought 
that if particles of seaweed hung up in the tubes, 
corrosion would follow at a rapid pace. 

Mr. R. M. Jones, in replying briefly to the dis- 
cussion, thanked the members for their appreciative 
remarks, and was glad that so many of the speakers 
were at one with them (the authors) with regard to 
dezincification being only apparent. He agreed 
with Mr. Rolfe in the advisability of parting with the 
term and using instead, “‘ re-deposition of copper.” 
When one got the so-called dezincification there 
occurred a sharp boundary between the copper and 
the brass, and no gradual passing from the pure 
copper to the corroded brass. In the matter of 
the schedule of information required, he agreed the 
authors were asking for a large amount, but in a 
standardised investigation there was not much 
difficulty in arriving at the information, and he 
was glad to hear from Admiral Goodwin that the 
navy reports were on the authors’ practice. With 
regard to the surface layer, the authors were inclined 
to be not very sanguine relatively to the rates of 
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corrosion which took ; all the specimens 
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tubes, Referring to Admiral Goodwin's remarks 
Pasting. the Admiralty practice of obtaining the 
tubes from a shell turned outside and bored inside, 
and his query as to the presence or not of the surface 
layer in that case, he said that so far the authors had 
not detected any difference between the Admiralty 
and the 70-30 brass tubes. He was glad to hear the 
particulars of Mr. de Wiirstenberger’s independent 
investigations on condenser tubes, and would be 
glad to have access to his paper before he made any 
comments on these investigations ; but he noted that 
Mr. de Wurstenberger found pitting so rapid that 
chemical action could not account for it. He (the 
speaker) did not think it was quite as rapid as made 
out, and did not agree that cupric chloride was 
formed from the cuprous chloride. The authors, 
he added, would deal fully with the discussion in 
the Journal. 


Tae Action on ALtomrivm or Harp 
INDUSTRIAL WATERS. 

The next paper taken was on “The Action on 
Aluminium of Hard Industrial Waters,” by Richard 
Seligman, Ph.D., and Percy Williams, B.Sc. We re- 
produced it on page 362 ante. It was read in abstract 
by Dr. Seligman, who said they had not given 
any measurements as they did not think measure- 
ments were of any use. They did not separate theory 
from practice, but gave a clear description of the 
occurrences, and stated the views arrived at. 

Dr. O. F, Hudson appreciated the value of the 
authors’ results and conclusions. He had not made 
an extensive study of this particular aspect of the 
corrosion problem; his own paper, written in 
collaboration with Dr. Bengough, on aluminium 
corrosion in sea-water dealt with a research that 
was carried out with a definite object, and this par- 
ticular work had been discontinued, but it was 
gratifying to find the ment which existed 
between the present a and Dr, 
and himself. He was much interested in t 
authors’ statement that a difference of potential in 
the metal was relatively unimportant in stimulating 
corrosion, and he agreed with them. The authors 
explanations of the blistering of aluminium sheets 


were of great interest. Hy n peroxide, the 
said, played an important ; this also eae | 
ws bon Sos leis GOEL Gate ois 
to 
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more fully on that point, and as to how hydrogen 
peroxide set up corrosion. This was, no doubt, 
a deal to ask, because the was a difficult 
one to arrive at. Jn to the presence of 


i pert Played by 
cavities, the action was quite likely the one suggested. 
But blistering could ocour where the surface layer 
happened to be punctured, when action “—_ 
spring inwards, giving rise to the blistering. 
authors had found that hydrogen was a 
harmful corrosion agent, and he them as to 
the presence or absence of free acid in their teste. 


tion of results (reprod 
agreed with their views. Loss of weight experiments 
were useless and misleading in many in stances. 
Mr. R. M. Jones said that the local action set up 
underneath the deposits, referred to by the authors 
gave 
Corrosi 


occurrence with brass; at the strained parts of 
brass they did not find centres for that action. 
The work on brass by the Corrosion Committee and 
the authors’ researches with aluminium were largely 
complementary. 

Admiral Goodwin stated that the discussion 
would be dealt with in detail by written communica- 
tions to the Journal. The authors’ paper was one 
from which a large amount of information would 
be gathered. 

Avrums aNp May Muerines. 

On the members reassembling on the morning of 
Friday the 12th inst., the chairman, Admiral Good- 
win, announced that the Council had not yet com- 
pleted their negotiations in the matter of the 
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place this year on June 10, when Dr. Benedicks 
would deliver the tenth May lecture, his subject 
being “ Recent Progress in Thermo-Electricity.” 

Tae Art or CasTive in Hicu Tensie Brass. 

The first paper taken on Friday was on “ The 
Art of Casting in High Tensile Brass,” by W. Neil J. 
Maclean; who read it in abstract. We reproduce 
the paper on page 388. In this, the author said 
that manganese bronze castings as supplied by 
different makers having proved unreliable and 
unsatisfactory, a series of experiments was carried 
out with a view to obtaining castings made in sand 
moulds, unchilled, having a guaranteed strength 
of not less than 20 tons per square inch, as shown 
by test bars produced under the same conditions 
as the castings themselves. As a result of these 
experiments a copper zinc alloy was chosen con- 
taining 3 per cent. of nickel and 2 per cent. of iron, 
with a small quantity of manganese and phosphor- 
tin. Special precautions were taken to accurately 
weigh the charge and to control the pouring tempera- 
ture within narrow limits. A hardener of copper 
nickel-iron was made up and finely granulated by 
blowing the molten metal into a tank of water. 
Special attention was paid to keeping the zinc 
content constant; ingots were analysed after 
first melting and the zinc corrected when making 
up the final charge. The alloy finally decided upon 
was made up of scrap, new metal, and a hardener, 
with the addition of zinc to correct for loss in previous 
melting. By the accurate weighing of the charge, 
contro] of pouring temperature, correction of zinc, 
and use of a special hardener, castings were obtained 
having strength pry toe 50 per cent. better than 
gun-metal and at a lower price. 

The discussion was opened by Mr. H. B. Weeks, 
who referred to the author’s statement to the effect 
that there was still a gap between the application 
to daily routine work in the foundry of the know- 
ledge gained by the scientist in a laboratory, and 
until that gap could be bridged improvements shown 
in laboratory experiments could not be realised in 
practice. statement would be viewed with 
satisfaction by al] the practical members, many of 
whom felt that they had not perhaps received 
fair dealing ; this might possibly be their own fault. 
He, personally, wold not decry the academical 
side of the questions, for academical work had been 
of great use. The author’s paper could be read in 
conjunction with the president’s address of the 
day before. Similar experience to that of the 
author’s had been obtained by all who manufac- 
tured castings. He might add that the paper 
came 25 years too late; 25 years ago he had had 
the same experience as the author's with brass 
containing nickel. He had then made manganese 
bronze which he had exposed to the action of the 
atmosphere, when the iron it contained led to rusting. 
He afterwards made an alloy containing not more 
than 2 per cent. of nickel, which gave excellent 
eyeree results. It was used by the Admiralty 
or a long time until the overseer at Barrow found 
it had too white a tint, He then took up the 
manufacture adding iron, when it was always 
difficult to get the tests. It was not difficult, 
however, to get the tests from a manipulated bar, 
or from one taken from a given part of the casting ; 
they could not be obtained say with a bar taken 
from the header, but they could from one taken 
from a propeller blade. These various questions 
as to the suitable manufacture of castings were 
questions for co-operation between engineers and | 
metallurgists; they also covered the suitable 





training of apprentices and foundrymen. An 
ideal foundryman would be one able to design 
the piece required, make the pattern for it, make 
the mould and carry out the casting. He had, so | 
far, only met one man who could do that, and he | 
was a Swiss ; he seldom had any failure ; he knew | 
the behaviour of the metal throughout, where | 
exactly to put the risers and so forth. The next 
best means in the absence of such a capable 
man would be for all who had the best experience 
on the subject to co-operate. 

Mr. R. T. Rolfe found the paper an essentially 


practical one which would prove greatly useful, 
but thought the author had not been quite fair 
to gun-metal, for the figures he had quoted, 14 tons 
ultimate strength, 7 tons elastic limit and 7°5 per 
cent. elongation in 2 ins. were not standard figures. 
In ordinary runs far better results than these could 
be obtained. His (the speaker’s) own results on 
sand castings of various weights showed an average 
of 15°6 tons and 10°6 tons, and 12°6 per cent. 
respectively. There were many reasons why gun- 
metal was so largely used, to the exclusion of high 
tensile brasses, one of them being that we had to 
work to specifications. In sea-water, also, the 
behaviour of gun-meta]l was better. In the fifth 
report of the Corrosion Committee it could be seen 
that in corrosion tests gun-metal showed better 
results than brass and high zinc alloys, all of which 
latter corroded more and behaved generally less well 
than gun-metal. Another reason was that the other, 
high tension, alloys had a much higher shrinkage 
than gun-metal, and required larger gates. 

Mr. O. W. Ellis said he found the bronzes referred 
to in the paper had shown an extremely low ultimate 
strength. He had made many tests before the war 
of manganese bronze and had obtained results 
varying from 25 tons to 35 tons, and a very low 
elongation. On looking into the matter, he found 
that the order in which the ingredients were put 
in the crucible had an important bearing on the 
point. He then obtained results giving 45-8 tons 
tensile, 27 tons elastic limit, and 30 per cent. elonga- 
tion, and on the actual castings 44 tons, 27 tons, 
and 20 to 28 per cent. elongation. These figures 
were those both of their own testing machine and 
of the one at Woolwich Arsenal. He had also 
tried cadmium, but like the ©~‘hor he found it 
made no difference and di .p, «red. An addi- 
tion of 0°33 per cent. of n.d made a great 
difference in the tensile strength, which dropped 
by about 14 tons. An addition of 40 per cent. 
to 60 per cent. of scrap made no difference, but at 
the third melt the addition of runners and risers 
led to a deterioration of the metal. In regard 
to the obtaining of test bars, there ought to be 
some final arrangement arrived at ; he (the speaker) 
could obtain any result wanted if he were allowed 
to place the test bar where he liked. 

Admiral Goodwin said it had been asked why 
gun-metal were not abandoned and high tensile 
brass adopted in its stead ; the latter was adopted 
for many purposes, but gun-metal, also, had been 
found a good servant, and before it was discarded 
it must be made certain that the other alloy was as 
good for any special applications. There was to be 
considered the behaviour in sea-water, the obtain- 
ing of as good castings, the behaviour at high 
temperatures, the machining, &c. If all these 
points were answered satisfactorily consideration 
would be given to the question. 

Mr. Maclean, in his reply, said the chairman 
had answered the queries as to the use of either 
gun-metal and high tensile brasses; a number of 
difficulties did not occur in land installations, 
where the latter brasses could be resorted to. In 
regard to the figures of physical tests, a distinction 
had to be drawn between the guaranteed strength 
and the average one; there was a great difference 
between them. The lowest figure for gun-metal 
was the one given in the paper. He was carrying 
out the development of educational work, by 
classes which were being arranged for. An alloy 
in which scrap could not be introduced was not an 
advantage, for scrap was uced in somewhat 
large quantities and it had to be utilised. 


(To be continued.) 





Honexone Trape.—The Colonial Report on Hong- 
kong says Indian Engineering, states that the world-wide 
shortage of mercantile shipping has had.a marked effect 
upon the trade of the colony which is almost entirely 
dependent upon ships for its prosperity. Decreases in 
the imports of oil (23,536 tons), coal (371,325 tons) and 
cotton (23,556 tons) are put down to this cause. The 
imports showed an increase in the cases of liquid fuel 
(24,979 tons) and sugar Cpa tons). Refined s 
was in great demand in China and the Persian Gulf, but 
here again business was restricted the shortage of 
tonnage. The year was favourable for cement manu- 


facturers, demand continuing to be, good. Trade has 
also suffered by the politi existing in China. 
The statistical position of trade in most , however, 
is sound, and with settled conditions the prospects of 


business would be encouraging. 





THE MOTOR-BOAT EXHIBITION JAT 
OLYMPIA. 

No Motor Boat Show has been held at Olympia 
since March, 1914, but the intervening years have 
seen the internal combustion engine called upon 
to bear responsibilities upon the sea at least com- 
parable with those it was entrusted with on land 
and in the air. Hence these years have been a 
period of active development of the marine motor- 
industry, yet the growth has been one ratherof magni- 
tude than of evolution, for before the war the general 
design of motors had settled down along lines 
which do not seem likely to alter much so long as 
the reciprocating engine holds the field. The motor 
Boat and Marine and Stationary Engine Exhibition 
which was opened at Olympia on March 12, bears 
out the above statements for the war does not 
appear to have left its mark upon any of the exhibits 
except, perhaps, in connection with minor details. 
It must, however, be added that certain of the 
exhibits could never have appeared but for the war, 
and notably the famous coastal motor boat, 
C.M.B, 4 on Messrs. Thornycroft’s stand. With a 
true instinct for the fitness of things the boat is 
exhibited in exactly the condition in which she 
came home from the Baltic after repeated passages 
on various errands through the lines of forts guard- 
ing the Russian capital, and finally, torpedoing the 
Bolshevik cruiser Oleg. For his exploits in command 
of the C.M.B. 4 it will be remembered that Lieu- 
tenant Agar, R.N., was awarded a well-earned V.C. 

The boat in question seems to be the principal 
attraction of the show for the general public judging 
by the queue of persons always waiting their turn 
to mount the platform whence her interior can be 
seen. The C.M.B.4 is a skimmer or hydroplane 
of the type invented by Sir John Thornycroft, and 
developed by him before the war for sporting pur- 
poses. The craft is 40 ft. long on the waterline, 
with a beam of 8 ft. 6 in., and is fitted with a 12- 
cylinder V type Thornycroft engine of 225 b.h.p., 
giving a speed of 40 knots when carrying full arma- 
ment, fuel and crew. The torpedo is discharged over 
the stern, or alternatively, to a torpedo, three 450 lb. 
depth charges can be launched. Lewis guns provide 
still further offensive power. Adjoining the C.M.B. 4 
is an excellent aerial photograph of Cronstadt Har- 
bour taken by the R.A.F., showing the Bolshevik 
warships at anchor there. The day after the photo- 
graph was taken a small flotilla of C.M.B.’s entered 
the harbour and destroyed all the effective units of 
this fleet. The exhibit is in connection with a 
scheme for raising funds for the Overseas Relief 
Fund of the Navy League, which should benefit 
materially from the enterprise. 

Reverting to exhibits of a nature more typical 
of the show, one is struck by the important place 
which the crude oil engine of the semi-Diesel type 
is taking in connection with marine propulsion. 
There is a general family resemblance among all 
representatives of the type, just as there is between 
the various makes of high speed internal combustion 
motors; but details have as yet hardly reached 
an equal uniformity. In view of the fact that the . 
hot-bulb heavy oil engine is of British origin, it is 
regrettable that its development for marine pur- 
poses has been left so largely in the hands of Con- 
tinental engineers. Several of the leading British 
firms, however, such as Messrs. The Ailsa Craig 
Motor Company, Limited, W. H. Allen, Son and Co., 
Limited, William Beardmore and Co., Limited, 
Norris, Henty and Gardner, Limited, David Joy 
and Collis, Limited, Robey and Co., Limited, and 
Vickers-Petter, Limited, all of whom are well 
known either as steam or oil engine builders, are 
now turning out marine crude oil engines of British 
design. The Kromhout engine has, of course, been 
manufactured in this country for several years, and 
Messrs. Babcock and Wilcox have recently pur- 
chased the designs of a Swedish engine, which will 
be known as the Babcock and Wilcox Munktell 
engine. Several of these engines, of Swedish 
manufacture, ranging up to 100 b.h.p., are on view 
at their stand. 

Among the exhibits of the firms mentioned above 
all of which are worth examination by those inte- 
rested in the crude oil engine, some of those on the 
stand,.of Messrs. William Beardmore and Co., 
Limited, of Dalmuir, are particularly interesting, as 
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details of some of the larger engines being built by 
this firm are exhibited separately. Among these 
are parts of the special 480 b.h.p. engine now under 
construction for the British Imperial Antarctic 
Expedition ship, the Terra Nova. The bedplate, 
crankcases and cylinders of a 320 b.h.p. engine are 
also shown separately, besides a three-throw crank- 
shaft and a stern tube, shaft and propeller for an 
80 hp. engine. Contrasting with these heavy 
engines the same firm also show a 160 b.h.p. Beard- 
more aero-engine utilised for commercial purposes 
by being coupled to a D.C. interpole generator, 
through a gear reducing the engine speed of 1250 
r.p.m. to the dynamo speed of 625 r.p.m. 

Messrs. Perman and Co., Limited, 82 and 83, 
Fenchurch-street, E.C.3, show three British Krom- 
hout engines, two of which rated respectively, at 
90 b.h.p. and 26 b.h.p., are for marine propulsion, 
while the third, rated at 8 b.h.p., forms the motive 
power of an oil-driven cargo winch.’ The largest of 
the engines is illustrated in Fig. 1 on page 380. 
Like all of its type it works on the two cycle valve- 
less system. The cylinders are 13,5, in. bore by 
13} in. stroke, and the unit is complete with reverse 
gear, bilge pump, &. Fig. 2 shows the general 
appearance of the cargo winch which is capable of 
lifting 15 cwt. at a speed of 100 ft. per min. The 
special features of these engines are the absence 
of the usual type of hot bulb in the cylinder head, 
which is always liable to be a source of trouble, 
and the elimination of any water injection. Crude 
oil having a flash point between 130 deg. F. and 
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200 deg. F. is used as fuel, the consumption under 
test conditions being about 0-58 pint per b.h.p. 
hour. Owing to the particular design of the com- 
bustion chamber it is possible to run these engines 
under any conditions of load without the necessity 
of using the starting blow-lamp, and after several 
hours running at no load, full load may be taken 
with equal ease. We may mention that the manu- 
facture of the British Kromhout engine has now 
been taken up by Messrs. Day and Summers, 
Limited, of Southampton, who, having their own 
shipyards adjoining their engine works, are naturally 
in an unusually favourable situation for installing 
them in either new or existing boats. 

In addition to the British exhibitors of crude oil 
engines whose names have already been mentioned, 
visitors to the Motor Boat Show should also inspect 
the stands of Messrs. James Pollock, Sons and Co., 
Limited, of 3, Lloyd’s-avenue, E.C.3, who are the 
British representatives of the J. and C. G. Bolinders 
Company, Limited, of Stockholm, and exhibit both 
large and small engines made by the latter firm. 
The Oil Power Company, of 39, Victoria-street, W.C., 
show specimens of the “ Avance”’ engines, also of 
Swedish manufacture, Mr. Arthur R. Brown, of 
54, New Broad-street, E.C., shows small engines 
made by the N.V. Machinefabriek “ Bolnes,” of 
Holland, and other makers are also represented. 

The exhibitors of the smaller motors, constructed 
on the lines of the motor car engine, are so numerous 





and the productions generally of so high merit that 
it is somewhat invidious to mention names. For 
marine purposes paraffin or kerosene is, of course, 
almost universally used in preference ‘to petrol. 
The Parsons Motor Company, Limited, of South- 
ampton, who were one of the earliest firms to manu- 
facture a successful paraffin engine have a very fine 
display, which includes many applications of their 
engines to purposes other than propelling boats. 
Two 60 brake horse-power Parsons engines are 
shown, one direct coupled to a dynamo, and the 
other to a centrifugal pump. The latter set is 
specially arranged for salvage work, and includes a 
small exhausting pump for getting the centrifugal 
to pick up its suction. A 21 h.p. engine is arranged 
to drive two cylinder single stage air-compressor on 
the same bedplate, a speed reduction gear being 
incorporated with the drive. The appearance of 
this set mounted on a bedplate as a self-contained 
unit, complete with radiator, air-receiver, &., is 
illustrated in Fig. 3, page 380. It is specially in- 
tended for use in shipyards in connection with pneu- 
matic riveters, acetylene welders, &c. Fig. 4, on the 
same page, shows a three-cylinder Parsons paraffin 
engine driving a 12 k.w. dynamo at 900 revolutions 
per minute, by means of a flexible pin coupling. 
The cylinders of the engine are 4} in. bore by 6 in. 
stroke. Such sets are supplied largely for small or 
emergency electric lighting plant. We shall publish 
drawings and fuller details of some of the products 
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of The Parsons Motor Company ina forthcoming | 
issue, 

Messrs. J. W. Brooke and Co., Limited, of 
Lowestoft, who show engines ranging from 8 brake 
horse- power to 65 brake horse-power, have definitely 
standardised their productions in such a way as to 
secure the maximum degree of interchangeability 
among corresponding parts of different-sized engines. 
Eight brake horse-power to 30 brake horse-power 
is covered by engines all having cylinder dimensions 
of 3§ in. by 4} im., one to four cylinders being 
employed according to the power required. The 
only other size of cylinder is 5} in. bore by 6 in. 
stroke, this size similarly covering a range of power 
from 20 brake horse-power to 65 brake horse-power, 
according to the number of cylinders employed. 
The same firm show a 30-ft. fast launch having a 
speed of 20 knots and fitted with a Brooke engine 
with electric starter. Also a 25-ft. standard teak 
launch of 10} knots speed, for use in the tropics 
and a 16-ft, standard mahogany dinghy with a speed 
of 6 knots. 

The Aster Engineering Company, Limited, of 

Jembley, Middlesex, show many of their engines, 
adapted either for marine propulsion or for electric 
power purpose. These, however, are well known, 
and have already been illustrated and described in 
our columns. The same remark applies to the sets 
shown by Messrs. John L Thornycroft and Co., 
Limited, of Basingstoke and Southampton, Messrs. 
W. H. Allen, Sons and Co., Limited, and several other 
firms. The largest paraffin engine, built on what may 
be called standard motor lines, which we noticed, 
was a Djinn engine, built by the Commercial 
and Marine Engine Company, Limited, of Church- 
road, Hanwell, London, W. 7. This is rated at 
90 brake horse-power at 55( revolutions, and has 
six cylinders, each 6} in. bore by 8} in. stroke. 
Tlius type is built to the order of the Marine Branch 
of the R.A.F. A two cylinder engine of the sathe 
bore and stroke, rated at 30 brake horse-power, is 
on the stand, as well as other engines of various 
sizes. Almost as large as the Djinn engine, is the 
75 brake horse-power paraffin engine of Messrs. 
Gleniffer Motors, Limited, of Anniesland, Glasgow. 
This has six cylinders, cast in pairs, each being 
6 in. bore by 8 in. stroke. A six-cylinder engine 
of similar dimensions, but rated at 60 brake horse- 
power at 550 r.p.m. is shown by the Atlantic 








Land and Marine Engine Company, Limited, of 
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Wishaw, N.B., together with many smaller ones. 
Space, however, will not permit even a summary of 
the more or less standard engines exhibited at the 
show. 

Some firms are specialising in the provision of 
small auxiliary motors for rowing boats and other 
very light craft, and appear to vary in their ideas 
as to how best to solve the problem very much in 
the same way as the manufacturers who have under- 
taken the somewhat corresponding one of applying 
auxiliary power to the pedal cycle. Messrs. 
Walter D. Fair and Co,, of Pembroke Works, 
Hampton Wick, Middlesex, are making auxiliary 
motors of from 2 brake horse-power to 12 brake 
horse-power, some to be fitted inboard, more or less 
in the ordinary way, and some constructed so that 
the whole of the power unit, propeller, &c., can be 
attached to the stern of the boat without structural 
alterations. Two of Messrs. Fair's motors for 
installation inboard, we illustrate in Figs. 5 and 6 
on page 373. They are entirely self-contained and 
adequately protected, The engines are of the two- 
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stroke type, rated respectively at 3 h.p. and 6 h.p., 
but information as to cylinder dimensions was 
refused at the exhibition. Both sets run at 
800 r.p.m., and the weights of engines complete with 
| magneto, carburettor and circulating water pump, 
are stated to be 50 lb. and 90 Ib. respectively. 
The outboard engines are horizontal, and drive a 
vertical crankshaft from which the propeller is 
driven by bevel gear. The whole of the shaft and 
gear is neatly housed in a brass tube. The weight 
of the crankshaft is taken by a ball thrust below 
the crank, and the drive for the magneto is provided 
for by means of another set of bevel gear above 
the crank. The engine being of the two-stroke 
type, there are no valves to be driven. Occupying 
no space in the boat, and of extreme simplicity of 
operation, the outboard attachment of Messrs. Fair, 
should be a useful adjunct. The engine, which is 
said to develop 3 h.p. to 4 h,p. at 900 revolutions, 
forms, with the propeller and steering gear, a com- 
plete detachable power unit, weighing less than 
100 lb. A smaller pattern rated at 2 h.p. to 3 b.p., 
and weighing about 60 lb., is also made. The name 
‘* Watermota,”’ which has been given to the engines 
mentioned, should not deter visitors from examining 
them. Outboard attachments are also exhibited 
by other firms, such as the Evinrude Motor Company 
(England), Limited, 107, Waterloo-road, S.E.; the 
Knight Qutboard Motor Company, Limited, of 
Riverside Hampton Wick, Kingston-on-Thames ; 
and the Geo. H. Gascoigne Company, of 3, Central 
Buildings, Westminster, &c., who all show apparatus 
of the type. : 
The application of mass production to boats, with 
ite necessary standardisation of manufacture, is of 
American origin, on which Continent the sawn 
timber, together with the exact quantities of fittings. 
nails and screws to build a standard house, has long 
been a common article of commerce. The White- 
head Timber Sales Company, of 88, Leadenhall- 
street, London, E.C., is developing the industry of 
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standard boat-building in this country, and is 
exhibiting the woodwork required to construct a 
10-ft. dinghy crated ready for shipment to the place 
of erection. A complete boat built up from the 
standard details is also shown, together with another 
in course of construction. All the frames are bent to 
the. required shapes before shipment, so that. the 
amateur builder need have comparatively. little 
knowledge of boat building in order to make a 
successful boat, The K.D. Boat and Engine 
Company, Limited, of 25, The Foreshore, Scar- 
borough, Yorkshire, show a much more elaborate 
specimen of the same construction, namely, a 35-ft. 
cabin cruiser partly completed from standard parts. 
The component pieces in this case come from the 
United States. The company are prepared to 
supply standardised details of framing and planking 
for vessels ranging from an 18-ft. launch to a 
passenger boat 68 ft. long by 14 ft. beam. The 
frames are fitted and erected at the factory before 
shipment, and the planking is dressed to thickness 
and sawn to shape. The system enables boats to 
be sent to all parts of the world at very low freight 
cost. 

Besides these standardised boats, which are 
interesting chiefly owing to their method of con- 
struction, there are at Olympia, as may be expected, 
a large number of motor launches, boats and cruisers 
which are attractive for other reasons. The size 
of some of the exhibits and the corresponding 
difficulty and expense of transporting them to the 
building is striking evidence as to the seriousness 
with which the show is taken by manufacturers, 
Messrs. J. I. Thornycroft and Co., Limited, of 
Southampton, show, for instance, a 45-ft. motor 
cabin cruiser of the seagoing type, fitted up with 
great luxury. The vessel has a beam of 8 ft. 9 in., 
a draught of 2 ft. 74 in., and a speed of 124 knots, 
Motive power is provided by an engine capable of 
developing 70 h.p, on petrol, and fuel tanks carrying 
65 gallons are carried on both sides of the boat. 
‘Lhe engine is situated right forward. The firm 
are constructing a number of boats of this type and 
are able to give delivery for the coming summer. 
Other fine-looking craft are a 50-ft. launch built by 
Messrs. Dixon Brothers and Hutchinson, Limited, 
of Woolston, Southampton, driven by a six-cylinder 
engine, a 40-ft. cruiser shown by The Green Engine 
Company, Limited, of Edwin-road, Twickenham, 
driven by a 100-h.p. Green engine ; a 26-ft. standard 
ship’s towing launch built to Board of Trade 
requirements, and fitted with a Gardner engine and 
Marconi apparatus, the launch in question being 
constructed by Messrs. Cox and King, of Wivenhoe, 
Essex. Mention must not be omitted of a cabin 
cruiser built by Messrs. Short Brothers, Limited, of 
Rochester and Bedford. This is a seagoing craft, 
30 ft. long, with an 8-ft. 6-in. beam and a midships 
depth of 6 ft. l in. It is capable of going round 
the British Isles or to the Continent with ample 
accommodation for two. persons. 

There are many types of clutches and reversing 
gears for marine motors at Olympia. We illustrate, 
in Figs. 7 to 9 on page 373, that manufactured and 
exhibited by The Langdon Engineering Works, 
Northam, Southampton. When the controlling 
lever is in the “ahead” position, the drive takes 
place through the medium of two independent 
friction clutches, which automatically tighten 
themselves as the torque increases by means of a 
roller and cam action, the mechanism of which will 
be understood from the illustrations. When the 
ahead drive is in action there is no strain on the 
teeth of the epicyclic gear which comes into opera- 
tion when going astern. The whole of the 
mechanism is enclosed and runsinoil. The Langdon 
Company have standardised clutches and reverse 
gear of this type up to 150 brake horse-power, at 
800 revolutions, but build larger sizes when required. 
The same firm are exhibiting specimens of their 
ejector silencer for motor boats, illustrations of 
which we givein Fig. 10, page 373. It will be seen 
that the cooling water from the engine enters the 
centre of the cover of the silencer and flows down 
over @ dome shaped projection, escaping from the 
chamber by means.of a number of small holes 
around the base of the dome. The exhaust of the 
engine strikes the inner surface of the dome, and is 
turned back into an annular space where it comes 





in contact with the finely-divided water, — which 


it is reduced in volume and temperature. Any 
excess. of water escapes by the outlet at the bottom 
of the casting. It will be seen that the construction 
avoids the possibility of water splashing up into the 
exhaust pipe and so finding its way into the engine. 
An atmospheric valve on the bottom of the exhaust 
pipe which is always open, except when the engine 
fires, allows air to be drawn in, in case of any 
reduction of pressure in the exhaust pipe, due to 
backfiring or any other cause, and thus prevents 
water being sucked in. The valve, moreover, acts 
as a drain for any condensation which may occur in 
the pipe. 

Messrs. Drummond Brothers, Limited, are ex- 
hibiting machine tools of various types, excellent 
both in design and workmanship. We illustrate 
in Fig. 11, on page 374, their latest type of S.S.S. 
lathe, of which an example is to be seen on their 
stand. The lathe illustrated has 74 in. height. of 
centres with a 6-ft. bed. It will admit work having 
a length of 3 ft. 9 in. between centres, and will 
swing a diameter of 9} in. over the saddle, or 21 in. 
in the gap. Like all modern lathes it has a hollow 
spindle, the latter being bored out to 1} in. diameter. 
Points of design which the photograph unfortunately 
does not make clear, are the complete box section 
of the bed, and the hollow box type of apron which is 
cast in one with the saddle. All gears in the apron 
run between two bearings. The lead screw is 
brought very close under the front flange of the bed, 
so that the drive of the saddle shall be as direct as 
possible, while the area and disposition of the 
wearing surfaces both combine to ensure the 
maintenance of the initial accuracy of the machine. 
The design of bed, saddle and loose headstock are 
well worth inspection. Another machine on the 
stand is a sensitive radial drilling machine, illus- 
trated in Fig. 12. This is designed either for hand 
or foot power, especially for use in repair shops, 
garages, &c. The capacity of the machine is 
enormously in advance of anything previously 
accomplished with regard to foot-power drilling 
machines. The drill in question will comfortably 
put a l-in. hole through cast-iron at the rate” of 
6 in. per minute without a smaller drill having 
previously been put through, and pin-drilling of 
considerably larger holes can be accomplished with 
equal ease. The working surface of the table top 
is 23 in. by 12-in., and a practically equal area is 
available on the back and front faces of the table. 
The arm will swing through 60 deg. on either side of 
its central position and the travel of the head along 
the armis 18in. The arm can be raised or lowered 
6 in. on the column, and there is an additional 
sensitive motion of the drill spindle of 44in. The 
maximum overall height of the machine is 6 ft. 2 in., 
and the weight 720 lb. It can also be supplied with 
a direct connected electric motor drive if desired. 

Another tool manufactured by Messrs. Drummond 
Brothers for the smaller machine shops, is a hand- 
shaping machine as illustrated in Fig. 13. It is 
generally similar to the larger pillar shaping machine 
of modern design, with the exception of course, that 
it is arranged to be operated by hand instead of b 
power. It is fitted with swivelling head with hand 
downward feed and hinged tool-box, the latter to 
take tools of # in. square steel. The table has both 
hand and self-acting traverse to right or left, and 
can be raised or lowered by a hand wheel. All 
operating screws are square threaded. The maxi- 
mum stroke of the ram is 7 in., the table has a 
horizontal travel of the same length and a rise and 
fall of 44 in. The tool can work at a maximum 
height of 4} in. from the table, or 3 in. above the 
vice jaws. The machine is supplied complete with 
removable swivelling vice, as shown in the illustra- 
tion, and the hole through the pillar permits the | end 
shaper to be used for cutting keyways or flats on 
shafts up to 1}in. diameter and of any length, 


(To be continued.) 
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THE DEVELOPMENT OF METAL CON- 
STRUCTION IN AIRCRAFT.* 
By Major J. 8. Nrcnorson, O.B.E., R.A.F. 
(Continued from page 362.) 


Comparison of the E. imentally Determined Charac- 
teristics of the Various ; , with their 
Characteristics 


back to the pin-jointed strut 
lateral bending moment M, 
as shown in Fig. 1 ise 358 ante), the Perry formula gives: 


hime z+é (gs) t . @a) 


as the relation — fe, the maximum stress developed, 
and the M and P forthe case of uniformiy- 
distributed lateral load. If the constants , Land Q are 
known for the various test the numerical 


24 the , Se, 8 the 
ship ig. Se ee on Be —— > relation. 
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Fig. Aw. ACTUAL TRANSVERSE LOADING ON 


RO SPAR SPECIMENS. 
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and the load P or the load factor for three different steel 
spar specimens calculated on the assumption that E jis 
13,000 tons per square inch, and that the stress is every- 

where within the elastio range. 


8:, Sg and 85, therefore, represent the ideal charac- 
teristics, and give the minimum stress which a definite 
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8, represents a Boulton and Paul specimen weighing 
“oO: 54 Ib. per foot. 


1 °~" eahaiedndaalnalit weighing 0-64 Ib. 

ain represents a Steel a Company's specimen 
0-72 lb, per f 

The dotted curves Ty, Te, na hen the actual load, stress 

ibtained in each case respectively in 


, ideal, , showing 
that on test the stress developed for a given loading was 


greater than the stress as calculated uation 2a 
Ino align This increased stress is ca’ (a) by rid 

of Suatl ees aee-peatesena: or (b) because the 
through the centroid of the 


tehtered hvtpedendt ere or (c) becauso the shear defiec- 


tion of the men is reciable ; or (d) because the 
ee enna nen, strtmed beyond the clastic 
limit ; ly speaking, because the deflection 
of tho Gpeciquen stue quenten sham thas uusamed/ialthe 
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specimen, giving a uniform bending moment M over 
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same in the two systems of loading, then the maximum 


deflection for the concentrated loading is_71 MP ona 


a deflection in the actual experiment of 13 per cent. 


greater than was assumed in equation 2a, or, 
certain allowances such as for stiffness of loading boxes, 
&o., it may be assumed that, in the tests, the tions 


. The experimental spfr T; 
by buckling of the ; Aen the compression boom, but 
indirectly because of large deflection due to the weak 
webs; a high value of the maximum stress was 
but for the same maximum stress the load 
could be increased from its value tng a. 
The-various spar designs may now be compared wit 

one encthan 5G. Stearman pe the steaterd waight, 
and by comparing the maximum etress and load 

in each case wit! i rac- 


to the value 0-58 Ib. , @ good average value for the 
moment of inertia of the imens would be 
0-140 in. units; y = 1-25 in. and comet ogee te 
13,000 tons a inch. The standard reference 


actual weight of the test specimen to the standard 
reference weight, 0-58 lb. per foot run. The assumption 
is, therefore, that the new imen, if altered in weight 
to 0-58 lb. per foot run, would, on test, develop the same 
maximum stress as formerly, and give a load factor 
modified proportionately to the alteration in weight of 
the specimen. Within the narrow limits through which 
pare of the test results were adjusted, this assumption 
is y . 

The curve L in Fig. 25 has been drawn to represent 
the locus of these experimental points of maximum stress 
and load factor, duoc regard being paid to the value of each 
of these points. Certain experimental points which lay 
to the left of L referred to —— which could obviously 
be improved, giving a better load factor, and possibly 
also a slightly higher maximum stress; certain points 
which lay to the right of L referred to designs which were 
constructed of material carefully heat-treated and giving 
a or elastic limit and yield stress. 

The curve L may therefore be regarded as the locus 
of the maximum stresses, which should not be exceeded 
in actual Avro steel spars. For example, if a load factor 
of 8 is aimed at, the maximum stress will have A B = 44 
tons per square inch for its ideal value and A D = 56 tons 
per square inch as its extreme value, or a steel spar of 
standard weight desi to develop 44 tons per square 
inch should withstand a minimum load factor E C of 6-75, 
and under the best conditions a load factor E B of 8. 

Spars developing a low stress at failure, and having 
for compensation a relatively high moment of inertia, 
should coincide more nearly with, or perhaps even lie 
to the right of the standard curve 8, and those developing 
the i aed stresses will probably coincide more nearly 
with experimental locus L. The elastic 
limit and the yield stress of the , and the more 
stable the design of a spar, the flatter will be its stress- 
load o ic. A good example is the test curve To, 
obtained from a Dunlop spar specimen especially hoat- 
treated after construction ; the test characteristic of the 
same spar specimen before heat-treatment is shown at T, 
(see also page 360 ante). 

The equation of the experimentally deduced locus 
nee pe, Serna porter Ne ye peepee 

oung’s m us E, averaging 9,000 tons uare inch 
instead of 13,000 in the standard curve 8. oe 

With this inf i 


the failing stress will be, is should be. pomible'to 
determine, within narrow limits, the actual nd mw | 
characteristic of the specimen. The curves 8 and L 
can be drawn for the test specimen with E = 13,000 tons 
per square inch and 9,000 tons per square inch respec- 
tively, and assuming that the maximum stress developed 
will be approximately 50 tons per square inch, the 
experimental stress load curve will lie close to S, and 
terminate on the 50 tons square: inch stress line, 
somewhere near to the point where that stress line cuts 
wy ; 

nalysis of Duralumin Specimens for Avro~ Front 
Spar.—A similar analysis of the duralumin Avro spar 
ae 26. Ti, and Ty, ere the 
experimental curves wo specimens ing respec- 
tively 0-41 Ib. foot and 0-52 lb. per foot. T, is the 
design of Profeesor - avin ie its convex 

wards; T» is illustrated in . 7, on 2 359 ante, 
and had its booms concave outwards, oy 
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tons per square inch and 2,800 tons 
per square inch respectively, 


Duralumin 


instead of 4,800 tons 


Spar Specimens with Steel 


lomparison of 
and with Timber 8S 8; .—A comparison of 
Fig. 26 for duralumin with Fig. 25 for steel will show 
To 
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Load Factor 


Rey 


Load Factor 


NS OF CORRUGATED BRACING 
RS for Wee AND 800M. 











data have been obtained from the graphs in these two 
figures : 
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tons per square inch as in graph 


4 Developed Stress. Percentage of 
Tons per Sq. In. Total Stress. 

Spar Specimen 

nh eac 
0-58 Lb. per Ft. i P MsiPs Mi Ps 

Total TF] Zi Fla az) 
Calculated graph 

Se (Fig. 6) ..| 6 | 9-6 | 5-75) 3-06) 0-79/60-0 131-8 | 8-2 
D umin spar} 9 |15-2 | 8-62) 4-59] 1-99/56+7 |30-2 /13-1 
ay: 

8 Os. 38) ~«| 6 [20-9 [13-3 [11-4 | 56-2 |44-5 [38-1 /17-4 
Steel spar ..| 9 [52-1 [20-0 |17-2 |14°9 |38-4 |33-0 28-6 
mgraph Ly (Pig 

ra) A 

$8) ee ..| 6 [10-5 | 5-75) 3-06) 1-69/54-7 /29-2 |16-1 
Duralumin spar | 9 |18-0*| 8-62) 4-59] 4-79)47-9 [25-5 |26-6 
nL ca 

ra ; 

35 e¢ me -6 J87°6 [13-8 |11°4 [12-8 [35-5 |30.4 /34-1 

epar ae i +6 [20-2 [17-2 |31+1 [20-5 125-1 [45-4 

* The des ee Saas 
probably not develop more than18 tons persquare inch, and hence 
the maximum stress has been taken as 18 tons and not as 18-4 


It will be seen that the stress due to end-load bending 
moment in the case of the duralumin Avro spar specimen 
is, even at high load factors, relatively only one-half 
as great as the corresponding stress in the steel spar, 


whilst the direct stress component E is relatively greater 


i She case,<8- Ae. Gunabansin apes, then in. the sant epee. 
This difference is due to the tively better value of Z, 
the modulus of section in the case of the duralumin spar. 
For the design shown in Fig. 7 with a concave boom 
and lattice web and with the standard weight of 0-58 Ib. 
ong foot run, the Z for duralumin is 0-382, against 0-112 
‘or the steel spar. Other constants are as follows :— 

















Taste II. 
1. from Actual 
Ratio. | Density = E. Test 
Specimens. 
Duralumin |2-8__1 |-882_3+48| 4,800_ 1 | 3-48_1.26 
Steel. r* 2°78)° 12 ~1 |18,000 2-71) 271i “1 





dratumin 


high stress. I gives for a load factor of 9, wit 
standard spars, a stress of 18 tons per square inch in the 
a ee in the 


exit the timber spar the load factor may be taken as 6, 


to equal the strength of the timber spar, the 
duralumin spar must develop a stress of 10-5 tons per 
ware inch, and the steel spar must develop a stress 
37-5 tons per square inch, both values well within 
the reach of mediocre designs. 
Comparison of Avro 8 with those of Single- 
Bay and Two- Machines up to 3,300 Lb.—Take for 


of the 
machines. In the Avro the inner bay is 75 in. long; the 
front spar is 2} in. deep, and the rear spar 2 in. deep. 


Hence 4 = 30 and 37-5 for the front and rear spars 
respectively. The are, therefore, very shallow, 
and hence the ratio Pl these spars is 12-4 and 5-7 
respectively for front and rear spars, see Table III, where 
Q is the Euler failing load for a free-ended strut and P is 
the end load. These values for 3 are exceptionally small, 


and are much smaller than is usual in either a two-bay 
or @ single-bay machine. 

















Tasix III. 
Front Spar. Rear Spar. 
Ratio 
Two- Single- Two- Single - 
Avro. ba bay Avro. y bay 
Machine. Machine. Machine. | Machine. 
ad 

. 30-0 | 22 to 15 | 27 to 18 | 87-5 | 24 to 18 | 30 to21 
$ 12-4 [98 to 19-5|54 to 15-5] 5-7] 55to9 | 26to12 























The ratio of the unit end load to the unit bending 
moment in the Avro machine is, on the average, slightly 
less than in other two-bay machines. ; 

The Avro spars were, co uently, more difficult to 
design in metal, and especially in steel, than would 
have been the case for a machine with a smaller ratio 
of spar. For that reason 
certain of the spars supplied for the Avro could probably 
be employed without alteration for other and heavier 
machines, and, in other cases, the chief modification 

would consist of a stiffening up of the webs 
of the spars to allow of their construction in sizes from 
3 in. to 44 in. deep. 

It should, therefore, be possible to standardire certain 
of the more stable designs, keeping for example the 
section of the booms constant, and varying the depth 
of the webs to suit the varying aerofoil wing sections, 
and if an exceptionally strong spar of smal] depth were 
required it should be possible to mount two standard 
sections side by side and brace them together to form a 

i spar. Such a twin spar would have several 
advantages for the attachment of interplane struts, &c. 
-Sized Main Plane Sparse Suitable for the Vimy 
and Handley-Page V 1,500 Machine.—In addition to the 
experiments carried out on the main planes for smaller 
and medium-sized machines, a considerable amount of 
work has been done on the development of metal con- 
struction for the largest types of aeroplanes. 


These experimental ropes may again be subdivided 
inte (a) Rags ge og ) steel. 
on 


with the small Avro spars, 
and constructed a 


duralumin spar specimens for their 
and for the Handley-Page V 1,500 


equal to the distance between 
in the various bays of the main 
to the Avro 
end loading. 
distance between 
as ball-ended 


large number of 
Vimy aeroplane, 
aero 


Spar specimens of 
the points of exstte@iexare 
planes were tested in a similar manner 
ae A wie egal “ihe dies 
to 
consecutive compression ribs were tested 
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377 
loading in the different of the Con- 
= TABLE IV. {Wane UTE Pe secutive ions of the fan aM nll dic also 
—|te butted together and connected simpl to form a 
Test Specimens. complete main-plane spar. The angle or p And desi; 
a J ure ie on account of the ease with which the 
roxima’ wi ttings coul attached. 
Position of Combined Loading with Pin Ends. Ball End Tests. went at am hen this type of design, on account of the size of the 
Specim in Lb, per oot |SP0% and the specified weight per foot run, it was 
Length of Miviiitn Length of Run. to use thin sections of duralumin, and, in order 
Specimen End Load Transverse 8 End to a secondary flexure of the angles the ratio of 
pecimen Load . - 

between Roller in Lb. BM., in between Ball in Lb. side of angle to thickness of metal bed to be kept within 
Centres. Ft.-Lb. Centres. 7to 1. By keeping to this ratio of side to thickness in 
_ ab “ae the outer bays where the loading is relatively small, and 
owerey | 6S | sa.90 | 00 g | 1.900 | 1-50 | SRR DZ Reprinted of the angle constant, the 

First intermediate .. 8 10 32,500 3,480 76 | 32 2. exceeded 0-2 in. 

ted “% This is the maximum size for drawn duralumin sect 
Second intermediate. . 7 6 51,500 2.400 5 8 nel 
Inner bay... se 7.2 79,000 2,160 6 2 


























Fie. 39a. Buckiina or ONE ANGLE or Compression Boom 
Fic. 27. Duratumin Spar, sHowinG CHANNEL BRACING IN AFTER THE WHOLE SpaR HAD Bowmp LaTERALLy. 
Boom AND CORRUGATED BRactne ON WEBS. 





Fie. 31. Bucxtaye or Disnep PLATE AND ANGLES Or Boom 
ix a Compression SpEcim=EnN. 
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Fic. 29. DuRatumin Spar, sHowrne Continvous PLaTE 
Bractne rn THE Booms. Fic. 32. Bucktine or Compression Boom or SpmcimEN 
UNDER CoMBINED LOADING, 


were approximately 4 in. wide | thickness without secondary failure occurring. ‘These 
by 8 in, deep. It was therefore, | spar specimens with angle or channel main members 
decided to keep the metal spars | had a lattice-web bracing posed 

also of constant overall dimen-| Warren system, each member in the bracing being 
sions, approximately 4 in. by | riveted to the angle or channel members. The members 
8in., and to experiment wi of one Warren system were also riveted to those of the 








, ‘ spar specimens of a type similar other system where they crossed at the neutral axis of 

Fic. 30. LatgraL Lowrse or Compression Boom or 10 thes, ay A ausionted in the. sper, A 9 canfian cimgle Wee Capon of short 
TESTED ComMBINED ’ Fig. 8 for vro jumin ing mem was employed with t ms. 

Bren, acs Loanene spar (see page 359 ante). Web and boom bracing members of simple channel 

By employing angles or ichan- | section, 1} in. wide by 4 in. deep, with flat , Fig. 27, 


may bejtaken as typical of the requirements for these | nels for the main members of the spars it was possible | and also of the corrugated type illustrated in Fig. 28, 

larger specimens. The loading given corresponds to|to keep the length of side of these members constant, | were employed in the earlier experiments. 

four times the unit load for normal Le sy and by varying the thickness of metal, to get suit-| An alternative modification for the boom bracing on 
The overall dimensions of the w spar everywhere | able strength, and also weights per foot run, for the| the heavier spar ti isted of a continuous 














378 


ENGINEERING 





[Marcu 19, 1920. 








duralumin plate riveted to the angles and dished out in a 
similar manner to the Avro duralumin spar illustrated in 
Fig. 7, An example of this type of spar is shown in 
. 29. 
'ypical failures of these es 


following: Figs. 30, 30a, 
Ball-End Strut + .—These were tested in 
lengths equal to the distance between consecutive com- 
ion ribs. The spar specimens with lattice-boom 
toda all failed initially by bowing sideways as 4 
whole. In one case this was followed at once by the 
rrmernt SThapes of the boces tending dino dseerred 
ing. ‘This collapse of t 
at a later e in enothier case. In most of the other 
specimens the final failure occurred by the buckling of 
one of the angles on an unsupported length. 


On plotting the maximum stress developed > to a 


are shown in the 


base of it was found that the limiting stress for 


L 
K , 
small values of Z was approximately 18 tons per square 


inch. 


bracing Saokaly talled talstally: by i 

racin, i asa 
whole falaued by bi of a short of oe 
Tao atvcieemn, whic tailed tassially ty towal 

‘wo si mens, y 

of the plate and angles of a boom, YOY Satteaty hick 


values of the maximum stress 6 


From @ consideration of the stress, % graph, the 


limiting stress in this of spar seemed also to be 
about fa tone get came 


(Lo be continued.) 





Roya Instrrvtion.—The following are the lecture 
arrangements at the al Institution after Easter : 
Major G. W.C. on ** Advances 
in X-Ray Work” Arthur Keith, four lectures 
on British Ethnology—‘: The Invaders of England”’ ; 
Major C. E. Inglis, two lectures on ‘‘ The Evolution of 
large Bridge Construction” ; Mr. Sidney Skinner, two 
lectures on ‘‘ 1, Ebullition and Evaporation,”’ “« 2, The 
Tensile Strength of Liquids’; Mr. R. Campbell 
Figen ere fo. iB R Theo igin of the Dwellers 
in Meso ote? 9. Legends vs eae $ 
Mr. A. P. Graves, two lectures on “ Welsh Irish Folk 
Songs’ (with musical illustrations); Professor W. H. 
Eccles, two lectures on “‘'The Thermionic Vacuum Tube 
as Detector, Amplifier and Generator of Electrical 
Oscillations’? ; Mr. Frederick Chamberlin, two lectures 
on the “ Private Character of Queen i at 
ie pepe fy Harrison, two ence on 1. “A 

ilosophi ynthesis as Auguste Comte,” 
2. The Reaction and the Onnle ot the Positivist School 
of Thought”; Professor J. H. Jeans, 
‘* Recent Revolutions in Ph: Science—1. The T 
of Relativity, 2. The Theory of Quanta” 
Lectures. ) Fade evening 
on April 16, when Professor J. A. 
a discourse on ‘‘Ions and Nuclei,” 
courses will probably be 


two 


Succeeding dis- 
iven by Professor H. Maxwell 
Lefroy, Professor F. O. Goeer the Right Hon. Lord 
Rayleigh, Professor Karl Pearson, Professor J. A. 
Fleming, Professor W. L. Bragg, and other gentlemen. 





Tue “Wetcome” Om Hzater.—We recently had 
an opportunity of wi a demonstration of the 
working of @ new type of oil burner tS eae 
cooking range, which will be used on the Antarcti 
Expedition. The range, which was made by the London 
Warming and Ventilating Company, Limited, of 76, 
Newman-street, Oxford-street, London, W. 1, was 
designed for use with coal, and was large enough to cook 
food for about 60 persons. With the oil burners fitted 
by the Welcome Heater (Parent) Com , Limited, of 
1l, York-street, St. James’ -square, 8.W. 1, 
the fuel cost is stated to be 3d. per hour with paraffin 
at ls. 10d, per gallon, The burner is made from a single 
piece of steel tubing bent to form two U 
which are orizentally, one a few ve 
the other, with one arm of U-tube connected by a 
vertical portion. Oil is fed, by gravity only, from an 
overhead tank fitted with a needle valve, through small- 
bore brass tubing into the free arm of the w U-tube, 
which forms the vaporiser of the burner. the 
burner, above referred to, three small holes are drilled 
in onoh of So wiaaiane svmne st So lems Uae, is sush 
& manner that, when working, vapour escaping 
the holes impinges on concave cast-iron deflectors which 
are slipped on the upper U-tube, Ignition takes place 
at, or near, the deflectors, which are, of course, maintained 
at a high temperature, and the oil, it is claimed, is thus 
completely consumed without causing carbonisation or 
noxious fumes. The demonstration was certainly satis- 
factory in every way. The burners are mounted on cast- 
iron trays measuring 5 in. by 4 in. in the smallest size, 
which gives two flames only instead of six. The tra 
is | with asbestos on which methylated spirit is 
burned to start up the burner. Several different sizes are 
made for domestic vem and coppers, industrial furnaces, 
hot-water systems, eries, laundries, &c., as well as for 
steam boilers. On account of its extreme simplicity, and 
the fact that the burner has merely to be waned in an 
existing coal grate without any fitting other than the 
running of an }-in. pipe between the tank and the 
pare Mel = me de he ay bh 
domestic use. he convenience, economy, and saving of 
labour in comparison with coal, have also a special 
appeal in this particular application. 


engine reacts 
from | all, criticism in 





«“ AEROPLANE STRUCTURES.” 
oO THe EprTror oF ENGINEERING. 

Srmr,—In the review of “Aeroplane Structures” 
capt in your issue”of March 5, it is stated that 

orley’s exact solution of the problem of the laterally- 
loaded strut is a less general case than Manderla’s, since 
the end fixing moments are zero. 

This is not quite accurate, and it may interest your 
reviewer to know that Morley in the paper referred to 
(Phil. Mag., June, 1908) actually does obtain the soluti 
assuming the ends are rigidly fixed. Exact solutions 
are also given for — a of loading. 

am, yours faithfully, 
id A. J. Surron Preparp. 

Gwydir Chambers, 104, High Holborn, London, 

W.C, 1, March 12, 1920. 








MANAGEMENT IN MODERATION. 
To THe Eprror oF ENGINEERING. 

Srr,—I was particularly interested in last week’s 
article under the above heading, having held for some 
time the opinion that in many large works, chiefly 

upon motor car manufacture, organisation is 

, and retards progress in every way. 
I held a position of machine shop 
large works of the above iption, 

y clerical. I had to write orders for 

used by my men, for every limit 
not once a week, but for every job on each and 
ower f . Ihad no choice as to the methods the work 
sho’ > machined, as the =~ neg pe Agree 
‘* Efficiency partment lay out oO} 
wrongly you must carry them out. | 
and work progressing is carried out to the 
a farce. Results are, initiative is not 

-called organisation 


enco 80 costs 

than the actual production, good men get ‘ fed 
the staff is always changing. These systems 

rtly account for the low ou of 

As a practical mechanic, I believe 

tions, it is possible for production to be 

in old-fashioned shops than in the so large 

modern works. 

SHor Foreman. 








“THE CAMMELLAIRD-FULLAGAR ENGINE.” 


To rae Eprror or ENGINEERING. 


Sre,— Mr. Shannon’s remarks re piston-cooling 
in his letter which appeared on 356 of 
our issue of March 12, the fact remains that 1,000- 


-p. llaird-Fullagar engine illustrated in your 
paper, although an “open marine” type, cannot use 
water for p ston cooling on account of the design of 
the gear to the lower pistons, by which the cooling 
medium through a slot in the bearing surface of 

slide, and further, the engine has telescopic 
pipes to the upper pistons. These telescopic pipes 
be under pressure for the top pistons, and p & sd 
packed glands, which have been a fruitful source 
of trouble in more than one type of engine ; even having 

@ flexible attachment will not prevent leakage in time. 

As regards comparison of size, it is, of course, obvious 
that the Camellaird-Fullagar engine has reduced length, 
but as I pointed out in my first letter, it is at the expense 
of the introduction of features not considered desirable 
in a marine engine for the reasons which I gave. The 
sketch with my second letter indicated that this saving 
in length was also at the expense of height and width. 
No weights are given for the Cammellaird- 
engine, so a complete comparison cannot be \ 
Com of length alone and the introduction of the 

“equal rating’’ are quite —— the 
reasons given in a previous letter, and which have been 
evaded in Mr. Shannon’s replies. 

Regarding supercharging an op P 
it would be interesting to see the design which has not 
displaced cranks, is reversible, and has not a similar 
valve to the Sulzer “‘ camshaft operated slide or 
valve’ (see Mr. Shannon’s first letter). The design will, 
of course, be patented, so no harm can be done by 
publication. 

In view of the nature of Mr. Shannon’s replies, which 
are only generalities, I agree that further correspondence 
on those ** is quite futile.” I do consider, co 
that at the present stage in the development of the Diesel 
engine, it is of the utmost importance that all designs 
should be — Fame wad ——s before installation 
in a ship, as ief point which shipowners raise against 
the Diesel is want of reliability, and failure of any 
inst the motor-ship in general. After 
press is the least of all trials to which 
a Diesel engine for marine > can be subjected. 


ours i 
. N. Evererr. 
29, Bede Burn-road, Jarrow-on-Tyne, 


March 15, 1920. 


iston engine, 





Coatrne at Sza.—On February 29, the White Star 
Line steamer Belgic (Captain A. E, 8. Hambleton) 


was the means of provi some -needed fuel to 
the American steamer Hilton, the qa being 
some 300 miles ate New — ton, bound for 
Boston, was displaying signals t she required assist- 
ance, and on the Belgic getting into communication with 
her it was ascertained that the American ship was short 
of coal, and asked for a supply to enable her to reach 
Boston. Captain Hambleton accordingly agreed to 
transfer the necessary quantity, which was conveyed 
in sacks, in the ships’ boats, from the Belgic to the 
Hilton, a feat of no small difficulty owing to a heavy 
swell that existed at the time. 


stecl, 
basis. 


present condi. 
and 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
lron*and ne sel gg omy volume of Votes in 
engineering tools is on a much expanded 
Firms have no difficulty in disposing of the 
whole of their current output. Full time i i 
the general rule in departments heavy and light. 
matter of fact, the t of busi booked represents 
only a small proportion of the tonnage sought by foreign 
buyers, but long-dated contracts are practically out 
of the question, with prices rising almost weekly. Pro- 
ducers can cover themselves in arranging for delivery 
several months ahead by quoting increased prices based 
on the abnormal advances of the past six months. This, 
of course, leads to the stipulation of figures, which, on the 
face of them, appear excessive, if not hibitive. The 
only alternative is to insist on the insertion of a qualifying 
clause in contracts that prices ruling at the time of 
delivery shall be aqeigeee as the basis of payment. A 
ae many contracts for machinery and tools have been 
ed up on the latter basis, but generally speaking 
consumers prefer to take what they can get at the 
moment and await the advent of more settled conditions. 
Evidence of trade ion in engineering manufactures 
is to found in the number of works ys ae ad that are 
i being forward, despite rtage of 
prom Ms gra labour. Several of these extensions 
locally are on a big scale. Between Sheffield and 
Rotherham, Messrs. Steel Peech and Tozer are laying the 
basis of a steel-producing extension, which is to have a 
tremendous frontage on the main road. Messrs. 
Cammell, Laird and Co. have practically completed 
their Penistone extensions, and, in addition, are laying 
down adjacent buildings for the installation of a new 
tyre plant. This, it is ws be ready in about 
twelve months’ time. Su tial contracts for steel 
railways, wagons have been secured 


carriages and by 
this company at the national ordnance factory erected 


is 
Asa 





jb y them at Penistone, and since taken over from the 


of Munitions. Substantial orders are in hand 
for » machinery, and tools for France, South America, 
Canada “pot um. India is o- » making heavy 
purchases springs, axles tyres. An 
Cohntendints tentune of the lighter teadas is the tremendous 
demand for wire rope and wire rods, the former largely 
for colliery haulage purposes. The recent improvement 
in the crucible and high-speed steel trades is more than 
maintained. Pig-iron has advanced to 131. a ton. 
Ordinary steel scrap is realising as much as 13 guineas, 
and steel turnings over 8/. a ton. 

South cake Coal .- is still a — 
ow about shortage. olliery companies are bein 
pee Ale to considerable pressure from merchants | 
consumers. Though current consumption accounts for 
the bulk of deliveries to the engineering trades, several 
of the largest firms in South Yorkshire are managing to 
pile up useful stocks inst emergency. from 
this area are practically nil, but collieries have no 
difficulty in disposing of the whole of their output, 
subject, of course, to the persistent wagon shortage. 
Cobbles, nuts and slacks are keenly sought after on 
contract account. House-coal merchants have abandoned 
hope of getting up-to-date with orders until the advent 


of warmer There is considerable difficulty 
in obtening eee supplies of coke. Quotations :— 
Best b handpicked, 23s. to 24s.; Barnsley best 
Silkstone, 23s. to 23s. 6d.; Derbyshire best brights, 


. . 6d. to 19s. ; 
nuts, 18s. 6d. to 19s. 6d. ; Derby- 
shire small nuts, 27s. 6d. to 28s. 6d.; Yorkshire hards, 
28s. 6d. to 29s. 6d.; Derbyshire hards, 28s. 6d. to 
298. 6d.; rough slacks, 24s. to 25s.; nutty slacks, 23s. 
to 24s. ; » 198. to 208. 


21s. to 22s.; Der' 
ire best 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippiesBRover, Wednesday. 
The Cleveland Iron Trade. of Cleveland 


pig-iron is uate to needs, - much so that the 
uestion of @ system es iced 
consi ion. An increased output would indeed 
welcome, but there is no hope of the trouble being 
solved in as already makers experience the 


greatest difficulty in obtaining sufficient coke to keep 
ing sufficient coke 
their furnaces ing. Acute shortage of trucks con- 
tinues to seriously hamper distribution, but a little 
better provision of rolling-stock is promised. Meanwhile, 
however, have to stock iron much needed for 
consumption, and the trouble is once it is stocked labour 
and wagons t rt. d to remove it. A further 
rise of 5a. in No. 2 Cleveland pig-iron, and in silicious 
iron, due, it is stated, to the extreme shortage of those 
commodities, has caused some surprise. For home 
consumption, No. 1 is now 212s. 6d. and _silicious 
217s. 6d. No. 3 and the inferior grades of Cleveland 
pig-iron remain at 200s. There are good Continental 
in the market, for shi t to France, 
ium and Italy No. I is 217s. 6d. and No. 3 and the 
lower qualities are 205s. Cleveland iron is no longer 
for despatch to other destinations abroad. 

Hematite Iron.—The situation is very stringent in the 
East Coast hematite branch. Producers are well sold, 
and are not keen to make further forward contracts. 
No. 1 is 262¢. 6d, and mixed Nos. are 260s., and 10s. 
above these rates is named for export trade, but very 
little iron indeed is available for overseas trade. 

Foreign Ore.—Definite quotations for foreign ore are 
difficult to fix. Buyers ond sellers take a widely different 
view of what values should be. With D 
sidering 50s., on the 17s. Bilbao—Middlesbrough parity 
freight, quite a full figure for rubio of 50 per cent. quality, 





consumers con- 
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with sellers naming a shilling or two above that figure, 
and with the latest freight fixture from the Spanish ore 
port 37s., tie c.i.f. Tees value of best rubio may be put 
at from 708. upward. 


Coke,—There is a most pronounced shortage of coke, 
and it is not surprising that values are moving 
Local consumers are pressing for deliveries with very 
much less success than could be desired, and contracts 
running out cannot be renewed on anything like the 
terms on which they are expiring. 

Manu red Iron and oe at ig finished iron _ 
steel industries are characterised great firmness, 
conditions are such that little (Boned is 
Customers are undeterred by recent advances, and 
indeed, would pay above the high market quotations 
if they could be assured of deli , but most manu- 
facturers are so overwhelmed with work that 
cannot entertain the business offering, and are co 
to turn down many substantial orders. They are 
occupied in endeavouring to fulfil obligations under 
contracts already made. The following are minimum 
market quotations: Common iron bars, 26l.; marked 
bars, 28/.; steel ship, bridge and tank plates, 224i. ; 
steel boiler plates, 281. 10s. ; steel angles, 21/7. 10s. ; 
joists, 212. 10s.; steel » 27. 1028. ; 
271. 108. ; soft a 211.; hard steel billets, 3 

king steel (parallel), 187. 5s. ; packing steel ( 
bor. 10s.; heavy sections of steel rails, 211. ; 
plates and sleepers, 26. 


and fish 





NOTES FROM THE SOUTH-WEST. 

Carpirr, Wednesday. 
The Coal Markets.—A strike of colliery clerks employed 
by the Cambrian C ine in respect to grading, and a 
stoppage of work by the Combine colliers in sympathy 
with the clerks, caused the idleness of some 16,000 
miners during the past week, with a consequent reduction 
in output. esterday, as the result of conferences, the 
Clerks’ Union finally entered into an agreement with the 
South Wales Miners’ Federation for a working arrange- 
ment between the two bodies. The basis of this agreement 
is that the clerks’ organisation will become a constituent 

part of the Miners’ Federation, with the Welsh 

as agent to rep t the interests of the clerks on the 
Miners’ Federation. The ratification of this agreement 
was accompanied with a condition that the clerks at 
the Combine collieries should immediately resume work 
in order that the points at issue which led to the strike 
might be the subject of further negotiations. Work was, 
therefore, resumed on Wednesday. So far as the market 
is concerned, there is no material change, and export 
business continues very restricted by the difficulty 
shippers experience in obtaining releases and in securing 
coal from collieries, as practically the whole of outputs 
are already earmarked. The wery ssn for supplies to home 
= has eased off slightly, but large quantities are now 
eing shipped to coaling depots abroad, and it is only 
here and there that quantities are available for shipment 
to other foreign destinations. Exports last week 
totalled 350,197 tons, of which 224,956 tons went from 
Cardiff, 40,036 tons from Newport, 55,857 tons from 
Swansea and 29,348 tons from Port Talbot. The 

average f.o.b. prices of coal shipped abroad in Februa: 
were higher than those obtained in January. Cardiff 
large @ 85s. 4d. in February, compared with 
75s. Od. in January, Newport large 73s. 2d. against 
68s. 5d., Swansea large 76s. 10d. against 68s., and Port 
Talbot 85s. 3d. against 80s. lld. These average 

prices, it should be explained, include contract values. 
Colliery and Shipping Share Bonuses.—The United 
National Collieries, Limited, to increase its 
capital from 901,955/. to 1,828,020/., and to issue as 
bonus shares 676,065 shares of 1. each to ordinary share- 
holders in the ion of one new share for every 
share held. The enrikyber Navigation Colliery Com- 








pany, Limited, is capital from 405,0001. to 
550,0001. by the issue of 15,000 shares of 10/. each to 
ordinary as a bonus at the rate of one for 
one. 


shareholders, 
¢ The Town Line (London), Limited, is ae 
its capital from 260,0001. to 1,000,000/. by issue 
750,000 shares of 11. each, 250,000 of which are to be 
given to existing as a bonus at the rate of 
one for one, 250,000 of which are to be offered to share- 
holders at 25s. each, and 250,000 of which are to be 
held for future issue. 


The Iron and Steel Trade.—The strike of steel workers 
has ended and work resumed. At a meeting of the 
Conciliation Board yesterday proposals for future 
fluctuations of wages means of a sliding scale were 
accepted by both sides. 51. is to be the basis w 
with 1} per cent. for every 2s. 6d. advance or fall, with 
& monthly ascertainment. The employers decided to 
grant the claim of the men for a 40 per cent. increase in 
their base rates from January 1 last, the same as has 
been granted to the tin-plate workers. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
_ Scotch Steel Trade.—The conditions prevailing in the 
Scotch steel trade are as brisk as ever, and even the 
latest advance in prices has failed to cause any check 
to the ever-pressing demand for material. Wit —_— 
at their abnormally high level one would almost 
have thought that there would have been a little holding 
back on the part of buyers, but the exact opposite is the 
case, and all seem more anxious than ever to get makers 
to aceept their specifications. All classes of material 
are being sought, and there are many buyers for every 
ton of steel produced. The home trade still continues 
to receive the bulk of outputs, and there is very little 
available for shipment akeved. The plate mills are 
being kept going at top speed, and, despite the large 


tonnage being run through, the shipbuilding yards 
cannot get supplies adequate to their requirements. 
In order to provide for their needs several of the large 
shipbuilding firms have recently seeured an interest in 
some of the steel manufacturing companies, and 
account of these arrangements it is to be feared 
the smaller firms may, in the near future, find it a little 
more difficult to secure a sufficiency of material for their 
operations. Sectional stuff is also in great demand 
and production is a long way behind requirements, 
In the steel sheet mills conditions are very active, and 
fresh business cannot be considered for months to come, 
and in consequence some very nice lots have had to 
owing to previous bookings. Quite a 
demand exists for galvanised sheets, but if the price 
@ little more reasonable and more after buyers’ 
quite a respectable business could be put 
meantime, however, only the most urgent 
placed, but makers say that owing to the extremely 
costs of material and production, quotations cannot 
be steadied at the moment. 

Malleable Iron Trade.—In the West of ? Scotland 
malleable iron trade a steady business is passing, and 
with order books so well filled for home consumption there 
is little or i left free for =. Prices have 
again been raised by 2/. per ton, and the current basis 
price for “ crown ’’ bars is now 261. per ton, net, delivered 
at Glasgow station, while the export quotation is called 
from 271, 5s. to 271. 15s. per ton, net, f.0.b. Glasgow. 

Scotch Pig-Iron Trade.—An extremely heavy demand 
exists for Scotch pig-iron, and the output is 
spread over as many customers as possible. While 
grades are short this is particularly so in the case of 
No. 1 foundry iron, for which there is a v pressing 
demand at full Ty Fresh tes in market 
amounts to quite a large tonnage, with nothing 
available for near date Seateeny much of it cannot be 
considered at all. 


Shipbuilding.—Work in the shipbuilding 


Fe 


. In 
are 


is 


being pushed ahead with all speed, and much acti 
, but the difficulty of securing supplies of steel 
material has progress in one or two cases. 


of the Clyde yards have felt the pinch recently, but 
nevertheless the output of new to 
seale and the returns for this month are e to 
rather interesting. The booking of contracts 
has been fair, but a certain amount of reticence prevails 
at present with regard to disclosing particulars of new 
orders. The industry all over is in a very healthy 
condition. 


Locomotives.—An order of no little importance has 
just been secured by Messrs. William Beardmore and 
Co., Limited, and consists of 90 locomotives for the 
London and North-Western Railway Company. The 
building of locomotives is one of the most recent enter- 
prises of Messrs. Beardmore, and the above large order 
will be constructed at their Dalmuir works. 





MripptesBRovcGH Pic-[ron SarpmMents.—In the latest 
statement issued by Messrs. William Jacks and Co., 
5, East India-avenue, E.C., on the shipments of pig-iron 
from Middlesbrough and Skinningrove, the shipments 
for February were given as coastwise, 9,375 toms, and 
foreign 32,591 tons (including 500 tons to Germany), 
a total of 41,966 tons, as compared with 38,378 tons in 
January, 11,200 tons in February, 1919, and 26,491 tons 
in February, 1918. 





Prrsonat.—The Zurich Polytechnic has 
awarded the degree of Doctor of Science to Dr. Al- 
fred J. Amsler, Schaffhouse, for his well-known work 
poet to improvements of testing machines and 

instruments. The firm of Alfred J. Amsler 

and Co. have recently appointed Mr. T. J. Primrose 

their British representative for dealing with both 

ical and commercial matters, at 162, Norwich-road, 

I —Messrs. Armstrong and Main, Limited, state 

at on March 22 their Lordon offices will bs removed to 
Australia Houce, Strand, W.C.2. 





Tae Macurine-Toot Trapes AssociaTion.—In the 
annual report of the above association it is stated that 
the membership now stands at 145. Five firms have 
been refused admission. The association has made 

ntations to the Ministry of Munitions in connection 
with the matter of the payment of overdue accounts, 
and has been able to effect a number of settlements. 
Some of the members had overdue accounts which had 
been outstanding for two or three years. Representations 
have been made to the Board of — = — to 
the protection of the British machine-tool industry 
i German competition based on the low value of 

the mark. Members are requested not to 
German machines. In connection with import restric- 
tions it is inted out that in view of Mr. Justice 
Sankey’s decision affecting the importatior of pyrogallic 
acid Board of Trade has instructed the Customs to 
allow cease of gauges and other materials which 


were bited. It is reported that Mr. P. V. Vernon 
has Gen appointed to The Cutting Tools Research 
Committee of Engineers, 


the Institution of hee : a 
and Mr. Charles Wicksteed has appoin 
Advisory Council of the Loughborough Technical College. 
In connection with the a ber Exhibition, to be held 
next September, it is reported that prospects are 

ingly satisf and that prac.ically the whole of the 
available is now booked. The annual dinner was 
held on the 10th inst. at the Connaught Rooms, when 
a number of very able speeches were ie 
by Sir H. J. Mackinder, Sir John Norton and 
Mr. Robert Young. The association has taken new offices 
at 70, Victoria-street, 





about the middle of April. 
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NOTICES OF MEETINGS. 


Tue Institution oF Mecuanica, EnGingcERs.— 
~ » March 19, at 6 p.m. : “Exact Data on 


ormance of , as Applied to 
Lancashire’ or other Narrow-Flued .” by 
Mr. David Brownlie, of Manchester, Associate. 
Tue Braprorp Enoreerimne Socrery—Monday, 
a 22, at 7.45 pm. in es od Bradford 
echnical College. Paper » D. H. Yates, M.Sc., 
on **The Uniflow Steam Tagine 
THe 9 bd or ee, ch 22, 
ne at Institution i > 
the "Bight Hon. Sir Eric Geddes, G.C.B., ter of 
Transport, will deliver his presidential address. 
Tue Roya Soctery or yn ey 
March 24. A paper on “ Industrial in its 
es oe E . be read by Mr. Leon Cater, 
on. wai ——— i iety. 
The chair will be taken at 4.30 p.m. by Sir Henry Soomen 
Wood, M.A, 
Tse InstitvTiIon or Nava ARrousITects,—Wednes- 


day, March 24, and two succeeding days, Meetings in 
the Hall of the Royal me & Arts, John-street, 


(by kind permission of the Council). Wednesday, 
tack ae at 11 a.m.: 6. Address by the President 





oa Hon, the Earl of Durham, K.G., G.C.V.O., 
Gd; (1) H.M:8. Hood,” by Sir Eustace d’Bynoourt, 
K.C.B. ;. “German Submarines,” by Mr. A. W. 
Johns, C.; (8) “E imental Work in Con 
nection Devices for Catching Submarines,’ by 


Mr. G. 8. Baker, O.B.E. Th y, March 25, at 
te (4) “ Notes ety me ge a 
building Country,” lfred Yarrow, rt. ; 
(9) R Further ave an the agi vm 4 of © Vessels,’ d 
Mr. J. Anderson; (6) “ Freeboard end Bibenath of 


nen is in Big ra Sae.: 7)" Beabi- 
poe oy . one i reo 


sei 
Size Spon Performance of 
,a & pbell, 


. RK. R.C.N.C., 

Mr. C. H. May, R.C.N.C. ; (10) “ The Effect of Holes, 
Cracks and other Discontinuities in Ship’s Plating,” 
by Professor E. G. Croker, D.Sc., F.R.S., and Mr. A. L. 
Kemball, Junr. Friday, March 26, at 11 a.m.: 
(1) ** Experience and Practice in Mechanical Reduction 
, By Commander H. B. 

Tostevin, R.N., D.8.0.; (12) “ of Rotors 


and the Determining of the Position and Amount of the 
Balancing Weights,” by Mr. J. J. King-Salter, R.C.N.C. ; 
(13) “Turbulent Fluid Motion and Skin Friction,” by 
Professor 'T. H. Havelock, F.R.S. 


THE AssociaTION OF Drop-Forcers anp STAMPERS. 
—Wednesday, March 24, at 7.30 p.m., in Room No. 24, 
“Societies Room,’ Royal Technical College, George- 
street, Glasgow. Lecture by Mr. Harry Brearley on 
* Billets for Drop-Forgers.”’ 


Tue Iyerrrution or Evecrrican Enoinsers.— 
Thursday, March 25, at 6 p.m., at the Institution of 
Civil Engineers, Great George-street, Westminster, 8.W. 
Discussion on “The Electrical Equipment of Artisan 
Dwellings ’’ (with introductory paper by Mr. L. Milne, 
Member), and “The Report of the i Sub- 
Committee of the Wiring Rules Committee of the 
Institution.” 


Tae Conorete InstrroTe.—Thursday, March 25, at 
7.30 Sa Meeting in the Lecture Hall at Denison House, 
296, Vauxhall Bridge-road, Westminster, 8.W. 1. Paper 
by Mr. E. Lawrence Hall on “ Steelwork in the New 
London County Hall”’ (lantern). 


Tue BrramincuamM Meraut.tureicat Socrery.—Thurs- 
day, March 25, at 7 p.m., Meeting at the Birmingham 
Chamber of Commerce, New-street. Paper by Mr. T. 
Baker, D.Sc., M.Met., F.1.C. (Sheffield), ‘“‘ Some Thoughts 
on the Elastic Limit.”’ 


Tae Juwstor InstirvTiIon or ENGrineers.—Friday, 
March 26, at 39, Victoria-street, 8.W. 1, Lecturette, 
“ The Future of the Gas Industry,”” by Mr. W. A. Tookey, 
M.1.Mech.E., Member. 


Tae Roya Iyserrrvtion or Great Brrrarmn.—Friday, 
March 26, at 9 p.m., @ will be delivered by 
Professor Sir J. J. Thomson, O.M., LL.D., D.Sc., 
Pres.R.S8., M.R.I. The subject is “The Scientific Work 
of the Late the Right Hon. Rayleigh.”’ Afternoon 
Lectures, at = Tuesday, 23, Professor 
Arthur Keith, M.D., LL.D., F.R.8., F.R.C.8., M.R.L, 
Fullerian Professor of Ph ,on “ British Ethnology: 
The Invaders of England”’ we Thursday, 
March 25, Mr. Graham, on “ (2) The Hope for 
Russia ’’ ; March 27, Professor Sir J. J. 
Thomson, O.M., .» D.8e., Pres.R.8., M.R.L., Pro- 
fessor of Natural Philosophy, on “ Positive Rays”’ 
(Lecture VI). 


Tse Wreetess Socrery or Lonvon.—Friday, March 
26, at 6 p.m., at the Institution of Civil Engineers, 
Great treet, Westminster. A paper will be 
read by Captain L. A. T. Broadwood, on “ Harmonics 
in Continuous illustrated by 
lantern slides and experiments. The business of the 
Meeting incliides a discussion on the admission of lady 
members to the society. 


Wave Transmissions,” 





Tae Intumrmatine Enorngertne Socrery.—Tuesday, 
March 30, at 8 p.m., Meeting at the House of the Royal 
Society of Arts (John-street, Adelphi, London), is- 


8.W., and hopes to be im possession | cussion on “‘ Motor-Car Headlights in Relation to Traffic 


Requirements,” opened by Mr. J. W. T. Walsh. 
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THE NAVY ESTIMATES. 
Aursouen the gross estimates of naval expen- 
diture for the year issued this week and 
considered by the House of Commons on Wed- 
nesday, involve.@' sum nearly double that expended 


teed, | annually in pre-war days, there is little room for 


criticism on the grounds of extravagance in view of 


.| the conditions existing to-day. The gigantic efforts 


in naval construction made during the war period, 


-}and the victory over the direct menace to the 


world’s peace, have enabled us to suspend production 
for the meantime, but it must be remembered that 
we still have certain definite duties to perform in 
support of Allied policy and to assist in restoring 
the disturbed conditions which exist in many parts 
of the world to something like normal order. It is 
also essential to maintain adequate facilities for sea- 
going training of our personnel, as well as to assist 
our trade and y to support the needs of the 
Empire. This phase of the situation, and our naval 
policy generally, are admirably explained in the 
statement by Mr. Walter H. Long, the First Lord of 
the Admiralty, to whom personally is due, in large 
measure, that economy which has been achieved 
since the peace was signed. - 

In this discussion of naval: policy there is raised 
the question of the future utility of the capital ship. 
The Admiralty still regards the capital ships as 
the main basis of sea power. That submersible 
vessels and aircraft, although undoubtedly extremely. 


Post- | useful adjuncts to naval power, have by no means 


rendered existing capital ships obsolete has been 
amply demonstrated by the late war. The sub- 
marine campaign against our merchant ships could 
hardly have been inaugurated but for the existence, 
of the German High Sea Fleet. Enemy submarines 
this | however, did not interfere with the movements of 
our capital ships, and they were eventually defeated 
by destroyer screens, and new methods of attack. 
Aircraft must certainly be considered in connection 
with naval tactics of the future, but the view that 
it can only be regarded as an auxiliary to, and not 
as a substitute for, capital ships, for the present 
at all events, is, in our opinion, quite sound. At 
the same time it is likely that the design of battle- 
y modified in the not far 
distant future, and it is the duty of the Naval Staff 


” gag |to keep fully abreast of all possible developments 


in this direction, A close study and analysis of 
strategy and tactics of the war, with the aid of 


388 manopuvres by our fleets, will greatly assist towards 
gag} this end. It is a agen where the attitude of 


use the Latin phrase, pre- 


It is obviously of the utmost importance to ensure 
that the Navy should be kept fully cognisant of 
the latest developments in all branches of scientific 
research, so that these may be applied, where 
peeeeees enlisted, aha Gerrits SENS Se 
necessary delay. For this purpose a Department 
Scientific Research and Experiment has been set up 
| under the Controller of the Navy. A Director of 


hastening slowly, to 


39) |eminently applies. 








Scientific ‘Research has been appointed, who is 
responsible for the general direction and organisa-~ 
tion of research work for nava] purposes, as well as 
for keeping the Navy in touch with outside scientific 
establishments. He will also keep the Naval Staff 
aware of the possible practical applications of scien- 
tific progress in relation to naval needs. In addition 
to the ordinary naval establishments for gunnery, 
torpedo, mining, signalling and anti-submarine work 
the naval service needs a small central establishment 
for special research work and secret development. 
Such an establishment was formed during the war 
at Shandon, but, mainly on account of its isolated 
position, it has been decided to close this place and 

on all pure research work at a small Naval 
Institute ‘in proximity to the National ‘Pliysical 
Laboratory at Teddington ; itis hoped that the new 
Naval Institute will be ready for work by the end 
of the present year. 

Although the day is not in sight when air power 
may be regarded as a complete substitute for sea 
power, the aerial arm has already rendered such 
assistance in naval tactics and reconnaissance work 
that there can be little doubt that its employment 
will profoundly affect our future naval policy. For 
this reason it is essential to include in our naval 
organisation means which will enable the service to 
take full advantage of progress in aerial matters and 
to apply this progress to the art of naval warfare. 
A separate Naval Air Service is not contemplated, 
but arrangements have been made with the Air 
Ministry for close co-operation between the Ad- 
miralty Staff and the Air Staff, so that each is fully 
cognisant of the other’s requirements. In order, 
however, clearly to define the functions of the two 
departments, the Admiralty have represented to the 
Air Council their opinion that the operations of all 
aircraft flown from His Majesty’s ships, and that all 
operations of aircraft carried out in connection with 
the command at sea, should be under naval control. 
There appears to «be no valid objection to this 
arrangement or to the proposal ultimately to form 
a naval wing under the Air Ministry with a personnel 
specially trained for naval work. 

Turning now to the Navy Estimates for 1920-21, 
perhaps their most striking feature is the fact that, 

no new construction is contemplated, 
the gross estimated cost of the Navy to the nation 
will be 96,590,1811., the net estimated expenditure 
being 84,372,3001. and the appropriations in aid 
amounting to 12,217,881l. The net estimated ex- 
penditure is thus, as previously mentioned, almost 
double that for the last complete pre-war year 1913- 
14, for which year the corresponding figure was 
48,732,6211.. When, however, it is explained that 
over 19,000,0001. of the proposed expenditure is 
provided for non-recurrent war liabilities and 
terminal expenses, and that another 40,000,000/. is 
accounted for by recurrent expenditure due to war 
conditions, such as increases in prices and rates of 
wages, pensions, separation allowances, &c., it will 
be admitted that the remaining 37,500,0001., which 
represents the normal expenditure on the basis of 
pre-war rates and prices, is by no means excessive. 
Nearly half the difference in the cost of the Navy for 
the years 1913-14, and 1920-21, is accounted for by 
the increased pay of officers and men, and the in- 
creased cost of victualling and clothing. These two 
items for the ensuing year amount to 21,459,000/. 
and 7,864,300/. (net estimate), respectively, whereas 
in 1913-14, the corresponding figures were 8,262,203i. 
and 3,034,2461., although the personnel for the 
latter year was 142,960 as compared with 136,000 
for 1920-21. A more instructive comparison of the 
items under these headings can, however, be made 
by considering the figures for the year 1912-13, for 
which year the personnel totalled 136,443, or prac- 
tically the same as the estimated strength for the 
ensuing year. In 1912-13, the pay of officers and 
men amounted to 7,720,886]. so that the above- 
mentioned figure of 21,459,000/. for the ensuing year 
shows an increase of 178 per cent. The cost of 
clothing and victualling what is nearly the same 
number of men shows practically the same per- 
centage increase, the figure for 1912-13. being 
2,841,9491., against 7,864,300/. for 1920-21, the 
increase in this item being in remarkably close 
agreement with the experience of most civilians. 
There are corresponding, and even greater, increases 
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: in many other items such as medical establishments, 
martial law, educational and scientific services, 
pensions and miscellaneous items, but individually 
these items do not form large proportions of the total 
expenditure. 

The publication of the present estimates in the 
familiar form of pre-war days throws an interesting 
light on the subject of naval expenditure during 
the course of the war. From the figures given it 
appears that the total annual naval expenditure 
rose from 103,301,862/. in the year 1914-15 to no 
less than 334,091,227/. in 1918-19. For the three 
intervening years the figures were 205,733,5971., 
209,877,2181., and 227,388,8911., respectively, while 
in the current year, 1919-20, the expenditure fell 
to 157,528,8101. The total expenditure since 
April, 1914, has thus reached the stupendous figure 
of 1,237,021,6051., and, if we take the average 
annual expenditure under peace conditions as about 
50,000,0001., the naval cost of the war has been well 
over 900,000,0001. The personnel rose from a peace 
footing of 142,960 in 1913-14 to a maximum of 
406,977 in 1917-18, while the expenditure on ship- 
building. work, repairs and maintenance reached 
@ maximum of 168,415,312/. in 1918-19, as com- 
pared with a little more than 24,000,0001. in 1913-14. 
In the record year the amounts expended on wages 
and materials in the Royal dockyards were 
15,037,7631, and 59,128,6751., respectively, while 
the remaining 94,248,874/. was paid for contract 
work; an additional expenditure of nearly 
65,000,0001. was incurred during the same year for 
armaments. 

For the ensuing year the estimated total expendi- 
ture on shipbuilding, repairs, maintenance, &c., is 
given as 28,641,700/., most of which will be spent 
in the Royal dockyards. Before dealing with this 
item, however, it will be as well briefly to outline 
the general policy with regard to dockyard work. 
During the course of the war the Rosyth Dockyard 
was completed, so that there are now seven home 
dockyards instead of the six existing before the 
war; the others are, of course, at Portsmouth, 
Devonport, Chatham, Pembroke, Sheerness and 
Haulbowline. 

At the outbreak of war about 42,000 men 
were employed on shipbuilding and repair work 
at these six yards, but at the time of the armistice, 
the number engaged amounted to 67,800,the increase 
being mostly in the engineering trades and in semi- 
skilled and unskilled labour, rather than in the 
number of shipwrights and allied trades. When the 
war work fell off, it was decided to effect the necessary 
reduction in numbers gradually by regular weekly 
discharges, so as to enable men to obtain employ- 
ment in merchant yards, but the number absorbed 
in this way was relatively small owing to the fact 
that the men discharged belonged mostly to the 
engineering trades and to the semi-skilled and 
unskilled classes, whereas the requirements of the 
merchant yards were mainly forshipwrights. Subse- 
quently considerable numbers of shipwrights were 
released from the dockyards to assist in the merchant 
yards, but the effect of this was to increase the 
existing disproportion between the trades employed 
in the dockyards. In these circumstances it was 
decided to reduce discharges during the winter as 
far as possible, and to push forward naval work 
that was intended to be deferred. In accordance 
with the reo dations of Lord Colwyn’s Com- 
mittee, the Admiralty are taking steps to lay down 
an oil tank steamer at Devonport and a second 
merchant ship at Pembroke. Other steps for 
undertaking similar work are being considered 
in order to reduce unemployment as far as possible, 
but, in spite of this, heavy d'scharges will have to 
be made in the coming year. The estimates allow 
for the employment of 40,213 established and hired 
artificers and labourers in the home dockyards in 
the ensuing year, and the wages bill for these men 
is estimated at 7,733,8001. This works out to an 
average weekly wage of 3/. 14s., and it will perhaps 
be interesting to compare this figure with the 
corresponding figure for 1913-14. In the latter 
year the men employed totalled 37,325, and the wages 
amounted ‘to 3,122,1391., so that, in that year, the 
average weekly earnings per man would be about 
32s. The present figure thus shows an increase of 
over 130 per cent. Of the total expenditure of 





28,641,7001. for shipbuilding, repairs and mainten- 
ance, salaries and wages in the Government yards 
at home and abroad account for 10,184,000/., 
materials for another 8,499,000/., while 9,958,700/. 
will be spent with outside contractors. Only 
3,992,5001. will be utilised for new construction, 
2,809,5001. going to contractors and the remainder 
te the Government yards, A further sum of 
6,260,000/. will be spent on armaments as compared 
with 4,747,829]. in 1913-14, and works, buildings 
and repairs at home and abroad account for another 
5,209,000/. The most important items included 
under the latter, heading are oil-fuel storage accom- 
modation im various localities at home and abroad, 
and @ variety of work at Rosyth, where 643,4107. 
will be spent.. Theremaining items are for medical 
establishments 677,3007., martial law 504,5007., 
educational services. 430,3001., scientific services 
302,000/., Royal Naval Reserves 479,8001., miscel- 
laneous 3,290,0007., Admiralty office 1,554,0002., 
half-pay 2,452,0001, pensions 4,386,900/., 
civil superannuation 861,5001. These items, with 
those already enumerated, make up the total net 
estimate of 84,372,300/., and considering the present 
value of money and the fact that the war was 
directly responsible for a large proportion of the 
proposed expenditure, we think that it will be 
generally admitted that the Government’s policy 
of rigid economy has been faithfully followed by the 
Board of Admiralty in framing the estimates. 





GEAR CUTTING. 

PROBABLY nothing has done more to assist to- 
wards the present high state of development of 
gear-cutting, than the advance of the motor-car. 
It may, of course, be held conversely that nothing 
has so much helped the advance of the motor-car 
as the development of gearing, but the first is 
probably the truer way to look at the matter. 
Any considerable advance in a mechanical art, 
or a branch of a mechanical art, generally follows 
a demand, and without the call for silent and 
efficient gear which the motor-car raised, it is 
improbable that the manufacture of such gear would 
as yet have reached the stage it has. A later in- 
fluence has crept in which has had effect on the 
development of gear-cutting in the application of 
gearing to marine and other turbine drives, and 
although the gearing thus called into being has been 
in many respects altogether outside the motor- 
car field, the new methods which turbine gearing 
has produced, have had and are likely to have, 
influence on motor-car gearing manufacture. 

The earliest demand which the motor-car made 
on gearing probably was that it should not make a 
noise. Machine-cut gearing, one must pre-suppose, 
but even machine-cut gearing may be noisy, and the 
conditions in a motor-car are in many ways 80 
much more onerous than in, say, a machine tool, 
that an entirely new order of accuracy of gearing 
came to be demanded. This necessarily led to a 
close examination of the theoretical adequacy of 
the methods of manufacture employed. The 
most obvious method of machining a spur-gear 
with straight teeth—the simplest form of gear— 
is to form the teeth with a rotary milling cutter. 
This method was developed to a very high degree 
and codified by Messrs. Brown and Sharpe. The 
method, however, has the defect that it is purely 
a copying process. Hf the milling cutter is not of 
the correct shape, the teeth formed will not be of 
the correct shape. The cutters are difficult and 
expensive to make and maintain with extreme 
accuracy, and have the further serious disadvantage 
that they are accurate only for one particular 
diameter of wheel being cut. In practice a series 
of cutters is generally used correct for certain 
diameters, but only approximately so for inter- 
mediate diameters. 

The defects of the rotary cutter milling method 
of producing spur teeth are eliminated by the various 
methods of generation which have been devised, 
and as pointed out by Mr. P. J. Worsley in a paper 
read before the Institution of Automobile En- 
gineers on the 10th inst., recent developments have 
been all in the direction of generation. Mr. Worsley 
reviewed the question of the cutting of gears of 
all such types as are 





construction, and in this matter of the generation 


and| 


used in motor-car’ 





of spur-gears described the action of the Bilgram, 
Reinecker, Fellows and Sunderland gear-cutting 
machines. The formation of a correct form of 
tooth in all these machines is based on the principle 
of a straight rack cutting tooth being rolled with 
the gear blank and at the same time given a reci- 
procating motion in the direction of the length of 
the ‘tooth. This operation generates correct 
involute teeth on the blank, and has the great 
advantage that the cutting-tooth or tool is a straight- 
sided one, and, therefore, comparatively easy to 
make and maintain of the correct shape. In the 
Fellows gear-shaper the cutting-tool is actually 
in the form of a pinion, but the generation from a 
flat cutting tool is only stepped back one stage, 
since the cutting pinion is formed and sharpened 
by rolling it with a flat-sided emery-wheel. This 
takes the place of the straight tooth-cutter in the 
Bilgram machine. 

i The question of the accurate cutting of bevel 
gear is obviously a more difficult one than that of 
spur gear, since the curves of the faces of the teeth 
are continually changing from one end of the teeth 
to the other. As Mr. Worsley pointed out, one of 
the main problems which the motor car has put 
to the gear manufacturer has been in connection 
with the point where the main drive is turned through 
a right-angle at the junction of the propeller shaft 
with the rear axle. After the days of chains, this 
transmission was made by bevel gears, but a bevel 
wheel cut with a rotary milling cutter with a profile 
to suit the big end of the teeth does not give the 
accuracy and noiselessness which modern ideas 
demand for the service. A number of bevel gear 
planers have been designed, a not unusual arrange- 
ment, consisting of a tool, or tools, travelling on 
the surface of a cone and controlled by a former to 
give the tooth the shape required. The early Gleason 
and Sunderland machines belong to this class. They 
give involute, or modified involute teeth. These 
machines, working with a former, are of the copying 
type. 

The origination of the most prominent form 
of bevel gear generating machine Mr. Worsley 
credits to Bilgram, who adopted as the basis of his 
system a crown or rack wheel and a straight-faced 
cutter representing the side of a straight tooth. 
The bevel blank to be cut is held on the axis of 
a cone which rolls as if on a crown wheel. A re- 
ciprocating motion of the tool towards the axis 
of the cone shapes a true curve on the tooth. The 
tooth produced is an octoid. Reinecker build a 
Bilgram machine fitted with automatic dividing, 
while David Brown and Sons also build a Bilgram 
model. The Gleason automatic bevel generator 
uses two tools one on each side of the tooth. The 
cutting is done by the flat sides of the tools repre- 
senting the sides of one tooth in the crown wheel 
against which the gear rolls. The rolling action is 
controlled by a portion of acrown wheel and a toothed 
segment, 


An attempt to still further reduce noise in motor 
cars was probably an important reason for the 
revival-of the back axle worm drive, which recent 
years have seen. It requires no long memory, 
however, to recollect that the modern rear worm 
drive was not greeted with universal welcome. The 
drive has now reached a state of high efficiency, but 
has been and still is a matter on which there is con- 
siderable controversy. The hollow worm has been 
associated with the name of Lanchester and has 
been brought to a state of very high efficiency by 
the Lanchester Motor Company. Its production 
a speciality of the firm. Messrs. David Brown and 
Sons have, on the other hand, developed the straight 
worm and have quite recently produced a new form 
of very high efficiency. In everyday practice worms 
are cut in a thread milling machine and the worm 
wheels are produced from hobs. For correct 
working the hob must be a duplicate of the worm 
as regards tooth form, but the section of the tooth 
is not the same normal to the run of the tooth or 

to the axis of the worm. As a consequence 
the backing-off of the hob has to be normal to the 
helix. The thread milling cutter, however, will not 
exactly reproduce its shape on the worm due to 
interference with the sides of the groove it cuts. 
A balance has to be struck and it is usual tomake the 
hob with straight-sided teeth in order te simplify 
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it and then correct the thread milling cutter for 


interference. 

Spiral gears, so-called, have come to be used to a 
considerable extent in motor cars for driving 
auxiliaries. As Mr. Worsley pointed out “spiral” 
gears are really helical gears. A spiral is a curve 
in one plane. Mr. Worsley further pointed out that 
spiral gears are really worm gears with a difference 
in the ratio of the teeth, the number in the driving 
and driven wheels in spiral gears being usually about 
the same. Mr. Worsley went on to say that spiral 
gears usually had a helix at an. angle of about 
45 deg. to their axes, and the simplest way of cutting 
them was to use a horizontal milling machine with 


the table set over to the angle required. The blank 


was then driven by the dividing head through a 
train of gears to give the correct helix. An ordinary 
rotary gear cutter was used. Spiral gears cut in 
this way presented convex faces to each other, so 
that only point contact was made. A great improve- 
ment could be effected by giving the driven spiral a 
hollow face like a worm wheel. As spiral gears are 
only used as a rule for light drives at approximately 
equal speeds, the simple point contact construction 
should, however, frequently be all that is required. 
{The next point referred to by Mr. Worsley was 
that of helical tooth gearing. ‘This, of course, has 
come much to the fore in connection with marine 
turbine transmissions. It has been adopted to but 
a very small extent in automobile work. Mr. 
Worsley stated that the well-known helical tooth 
gears of the Citroen Company were cut by an end- 
milling method. The machines were thus of the 
copying class. The curve produced on the tooth 
was not of standard 


time slowly rotated. Machines for cutting helical 
tooth bevels were very similar, but the slide carrying 
the cutter was pivoted. Although no machine had 
appeared which would generate double helical bevel 
gear teeth of the theoretical shape a solution of 
the problem had been attempted by Mr. W. E. 
Sykes, of the Power Plant Company, who had de- 
signed and patented a machine, the development of 
which should make it possible to cut double helical 
gears of a quality to compare with the products 
of a Bilgram bevel gear shaper. 

The final matter of gear cutting referred to. by 


Mr. Worsley was that of spiral bevels. This form of 


gear has attracted much attention in the motor car 
world of late years, and the extent to which such 
bevels are now fitted is probably determined 
directly by the number of Gleason spiral bevel gear 
generators available. The wheels run very quietly 
and in this respect are equalled only by the worm 
drive. They are alsoeasily produced. The machine 
is complicated in a sense, but the actual machining 
is straightforward. The teeth in a Gleason machine 
are generated on the same rolling principle as in the 
Bilgram machine. The cutting is performed by a 
series of tools mounted in a circular ring forming a 
large inserted tooth milling cutter, the diameter 
of which is such that a segment equivalent to the 
face width gives the desired angle of spiral. This is 
usually 25 deg. to 30 deg. in automobile gears. The 
cutter is carried in a milling head which rocks on a 
cradle in circular ways, and through this cradle the 
generating motion is applied to the cutter. The 
cutter and work roll together by means of a geared 
drive. The cut takes place during the up roll of 
the cutter and work and during the down roll the 
work is swung away from the cutter by the feed 
cam and is indexed and returned to the cutting 
position. One side of the teeth is first cut all round 
and then the cutter is adjusted for the other side. 





’ SAFETY LAMPS. 

Mnrers’ lamps have undergone modifications 
and adaptations to various fuels in the century of 
their existence, but have changed little in principle. 
That was clear from the large collection of safety 
lamps which Professor Sir John Cadman, of Birming- 
ham University, exhibited at the Royal Institution 
on March 8, when delivering his postponed lecture 
on “ Miners’ Lamps.” If we disregard the electric 
lamp, to which Sir John did not refer in particular, 






but one made to suit 


f 


‘mines and from safe mines, in which 


all the lamps remain essentially wick flames sur- 
rounded by a gauze cylinder, the wire gauze prevent- 
ing the flame from striking through the cylinder 
pe. Hr the gauze should become too hot. In mine 
air charged with methane, a bluish cap of burning 
methane is seen over the flame; that cap may 
attain a dangerous height, when the percentage of 
methane approaches the lower limit of methane-air 
explosibility (6-5 per cent.). Though such per- 
centages are rare as averages, they have to be 
reckoned with, and Professor Cadman remarked that 
if the air issuing from British mines only carried 
1} per cent. of methane with it, that amount should 
suffice for lighting the whole country; so far no 
means had been devised for extracting the methane. 
Before the days of the safety lamp and—a very 
important feature—of mine ventilation, a man 
carrying a candle on the top of a pole was sent into 
the mine before the shift commenced in order to 
burn out the gas; the man lay flat down and 
escaped generally, but not always. In some 
districts a donkey was trained for this dangerous 
duty, and candles were fixed in its harness, 

A series of terrible accidents occurring in the North 
of England in 1812 then drew Humphrey Davy’s 
attention to the problem which, Sir John remarked, 
he studied so thoroughly on the spot and in the 
Royal Institution that little remained to be done. 
Systematic investigation of mine explosions, at any 
rate, was not taken up till within the last decades. 
But accidents continued after Davy’s work, 
especially when ventilation i and miners 
apt to open their lamps, which were only of 
"ag ate was still the 

lamp. Davy 
gauze with 784 apertures 
mesh was subsequently 


Thus safety was increased, and the light 
further reduced, by giving the lamp, in addition to 
lantern or tin case, two and even three gauze 
in some Marsault types. On the other hand, 
portion of the gauze cylinder was made of 

“and Mueseler gave the lamp a proper glass 
to hasten the combustion. 

recent improvements of miners’ lamps 
E. A. Hailwood and F. E. Patterson, 
i and their lamps actually 
or even 3 candles ; but even that 
sufficient, and the statistics from gassy 
naked lights 
were permitted, left no doubt that the many modern 
cases of defective eyesight and concomitant disease 
must be ascribed to the low candle-power of the 
safety lamp. One may think that our ancestors 
might have been satisfied with such illumination; 
but their eyes were not spoiled by the glare of the 
electric lamps on other occasions. The inventors 
mentioned made use of tubes, annular passages, 
apertures and deflectors to let the preheated air 
directly impinge upon the flame or enter it from 
below, and they provided reflectors for the light, 
which the authorities did not favour. Others 
improved the lamps as a methane indicator ; Clowes 
used a hydrogen flame as pilot jet, but that necessi- 
tated carrying a hydrogen cylinder; Sir Henry 
Cunynghame and Sir John Cadman himself supported 
an asbestos screen soaked with soda or copper 
chloride above the flame, the screen to be rendered 
bright incandescent by the cap and thus to give 
immediate distinct warning. The safety lamp was 
by no means perfect yet, Sir John remarked in 
conclusion, and we had to bear in mind in our 
attempts of improving it that the most 
explosions were now recognised to be due to coal 
dust, and not to methane. 
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NOTES. 
Tue Evecrric Lamp Iwpustry. 

Tue report of a Sub-Committee of the Standing 
Committee on Trusts under the Profiteering Act, of 
1919, was published on Wednesday. The findings 
briefly are that there is a trade combination in the 
electric lamp industry which has been created mainly 
in the interests of the British Thomson-Houston 
Company, the General Electric Company and 
Siemens Brothers ; that this combination controls 


from 90 per cent. to 96 per cent. of the lampindustry 
in this country; and that it imposes conditions 
limiting output on itsmembers. The sub-committee 
also finds that the trading discounts allowed to 
factors and retailers are too high, and that the 
standard vacuum lamp now sold to the public at 
38. could be sold at 2s. and still leave satisf 
profits. It is recommended that the operations 
of the combination should be subjected to public 
supervision. Anyone with any knowledge of 
electrical manufacture in this country will not 
require to be told that it has in the past been not 
altogether a gold mine. Anyone with a knowledge 
of the electric lamp industry will also not require 
to be told that it is mainly owing to the efforts of the 
Electric Lamp Manvfacturers’ Association and its 
predecessor, the Tungsten Lamp Association, that 
an important electric lamp manufacturing industry 
has been established in this country. Anyone having 
knowledge of present prices will be interested to 
know that the price to the public of the standard 
vacuum lamp has been increased about 26 per cent. 
since the beginning of the war. The main com- 
plaints about the Electric Lamp Manufacturers’ 
Association appears to be that it allows too much 
profit to factors and retailers and that it imposes 
conditions affecting output on ite members. As 
the ‘association is a business concern, one may 
assume it does not give its sellers more profit than 
it considers necessary. The building up of an 
industry in this country in opposition to foreign 
competition is not an easy matter, and one imagines 
the profit of handling association goods is only such 
as the association considers necessary to get in 
and keepin, We have not sufficient knowledge of 
the domestic affairs of the association to know the 
reason for the limitation of output clause, but, as the 
sub-committee shows, the association has no effective 
monopolistic patent covering the ordinary vacuum 
tungsten lamp. It is not necessary for a firm to 
enter the association if it desires to remain outside, 
and the report gives the names of seven finns 
which have done so. It is stated that these outside 
firms sell to large consumers more cheaply than the 
association. If this is so, and if they sell an equally 
good article then they will ultimately get all the 
business. The association has no monopoly other 
than the monopoly that effective manufacture and 
good business methods gives them, and there is 
nothing to prevent an effective opposition starting 
operations to-morrow. If it is not worth anyone’s 
while starting such an opposition, then the industry 
cannot be one offering, or yielding, exceptional 
profits. 


Supsoriptions TO TECHNICAL SOCIETIES. 


At the dinner of the Institute of Metals, on 
Friday, the 12th inst., Dr. Blackwood Murray, 
president of the Institution of Engineers and Ship- 
builders in Scotland, raised the subject of the 
increased subscriptions which the members of 
practically all technical and scientific institutions 
are now, or will soon be, called w to pay. As 
the cost of everything, including paper and printing, 
has risen to such a degree, many of the Institutions 
have found it necessary to increase their sub- 
scriptions. This must necessarily bear hardly on 
a large number of the younger men, many of whom, 
with the increased cost of living without any com- 
mensurate increase. of salary, find the additional 
burdens almost too great a strain for a slender 
purse. Before the war, to a young man starting 
on his career, the demand thus made was con- 
siderable. To fit himself for his profession it was 
necessary even then for him to join one or more of 
the Institutions. In many instances such member- 
ship is a sine qua non required by Government or 
other employers. The practice of demanding such 
a qualification is becoming commoner as time goes 
on, and the standard is now required, not as formerly 
in one institution only, but inone of many, 
to the class of work. Dr. Blackwood Murray stated 
that he thought that either the Income-Tax Com- 
missioners ought to give a rebate to young men on 
their subscriptions to societies which they are thus 
required to join, or the Government should give a 
subsidy to the societies to enable them to on 





without raising their subscriptions. One of the 
income-tax regulations allows for expenses necessary 
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to the: practice of one’s profession, but generally 
speaking it has not been the custom to interpret 
this as covering such contributions to technical 
societies, It may be pointed out that much of the 
useful research work of the world is done by the 
younger men of the profession, if not as principals, 
at least as responsible assistants. The societies 
often contribute funds to this work, and the whole 
profession subsequently benefits by the publication 
of the results. Thus the value of the expense is 
widely repaid. Under the changed conditions of 
these days even the research workers themselves 
will, among others, have to contribute towards 
the additional expense, which hardly seems like 
putting the saddle on the right horse. We do not 
expect much in the way of financial contribution 
from the State to the funds of technical societies, 
but we consider that some relief might be given, 
without jeopardising the stability of the calculations 
of the Chancellor of the Exchequer, to young 
professional men in the form of an income-tax 
rebate on these subscriptions. It would perhaps 
be necessary to introduce some limit of income 
beyond which the rebate would be disallowed, but 
we do not think there would be any great difficuty 
in finding a workable plan if the matter were 
seriously taken in hand. 


THe CuEmMicaL ENGINEER. 

When it is remembered that this country has 
generally led the world in chemical investigation 
the anxiety which was felt in the early days of the 
war as to our supply of chemical products may, at 
first sight, seem rather surprising. The reason for 
it, however, was clearly shown by Lord Moulton in 
a recent lecture at the University College on the 
training and functions of the chemical engineer. 
What we lacked, the lecturer said, was not know- 
ledge of chemistry so much as practical experience 
in the application of this knowledge on an industrial 
scale. The contrast between the research chemist 
and the chemical engineer was similar to that 
between the mathematician and the mechanical 
engineer. Research chemists and mathematicians 
had accomplished some marvellous work, but their 
work was done in what might be regarded as an 
ideal world. It was the duty of the mechanical 
engineer and the chemical engineer to produce the 
same results under conditions existing in the real 
world, and this work was far more difficult. The 
question of scale, Lord Moulton said, was of the 
utmost importance in chemical In the 
laboratory small quantities of liquids could be 
poured by hand from one vessel to another in a few 
seconds, whereas, in industrial operations pumping 
would have to be resorted to, and the time taken 
might materially affect the results. To attain a 
uniform temperature throughout a large mass of 
material was also, the lecturer pointed out, a very 
difficult matter, and, in some cases a temperature 
variation of a few degrees would greatly reduce the 
yield of the particular substance being manu- 
factured. In illustration of this point Lord Moulton 
reminded his audience that it was extremely difficult 
to roast a whole ox satisfactorily but a compara- 
tively simple matter to cook an ordinary joint. 
Change of scale, in fact, introduced problems which 
needed nearly as much research for their solution 
as was required for the original discovery. To meet 
the wants of the real world the chemical engineer 
had also to consider questions of production, cheap- 
ness and efficiency, which questions, in fact, domi- 
nated the whole of his work. He must take the 
materials to hand, use them in the best possible way, 
and decide which form of plant for filtering, drying, 
heating, &c., would enable him to get the right 
results from the process in the \most economical 
manner. In the past, Lord Moulton said, this 
country had largely neglected the problems of 
chemical engineering, but we had to consider them 
in the course of the war, and the great efforts made 
in that period should now be applied to the require- 
ments of peace. For this purpose the mental 
equipment of the chemical engineer must include 
@ very sound knowledge of general chemistry, and, 
more especially, he must thoroughly understand 
the physical properties of the substances he handled, 
so that he would know how various materials 
behaved under different conditions, In the course 
of his training it was essential that he should see 





chemical operations conducted on a scale large 
enough to introduce the difficulties above referred 
to, and this could only be done in a large laboratory 
devoted to this particular class of work. In this 
connection the lecturer said he was pleased to hear 
that an important development was being made at 
the, University College in the immediate future, by 
the establishment of a Ramsay Memorial Laboratory 
of Chemical ineeri As mentioned in our last 
issue, on page 342, a sum of 25,0001. has been voted 
by the Ramsay Memorial Fund towards the cost 
of this laboratory, but a further sum, estimated at 
50,000/., is still required for the completion of the 
building and its equipment. 
portance of the subject to the nation there should 
be no great difficulty in raising the'sum still out- 
standing. 





POSITIVE RAYS. 

On the afternoon of Saturday last, the 13th inst., 
at the Royal Institution, Professor Sir J. J. Thom- 
son, O.M., President, Royal Society, delivered the 
fourth lecture of his course on the above-named 
subject. 

He said that in devising the positive ray method 
of analysis he had had the expectation that it would 
provide means for determining the molecular 
weights of the gases present in the discharge tube, and 
he was also prepared to find that when the discharge 


Fig. 1. 


passed there was » greater variety of substances 
present than had hitherto been suspected. This 
expectation was realised almost in the first set of 
experiments made. The slide reproduced in Fig. 1 
showed the results obtained in one of these early 
experiments. In this case the discharge was 
passed through chloroform, and it would be seen 
what an extraordinary abundance of different 
atoms and molecules were employed in carrying 
the current and some of the molecules present were 
compounds not ordinarily met with. He did not 
expect, however, when he first took up this study, 
to be able to determine much more from his plates 
than the atomic or molecular weights of the 
carriers concerned, and he did not anticipate that 
it would be possible to find out much about their 
chemical properties. He did not, for instance, 
expect to be in a position to tell whether certain 
elements were electro-positive or electro-negative, 
or feel certain that he would be able to distinguish 
whether a line on his plates was due to the molecule 
of an element or to the molecule of a compound. 
However, as nearly always happened in scientific 
investigations, much occurred that had not been 
foreseen in the experimenter’s philosophy, and 
closer study of the traces on his plate showed that 
the lines recorded had peculiarities from which 
a great deal might be inferred with regard to the 
properties of the particles responsible for them. 
A glance at Fig. 1 sufficed to show how thoroughly 
a compound was split up by the discharge, and we 
might accordingly expect when the line, due to a 
molecule, was recognised on a plate, to find also a 
line due to an atom, but we had.no reason to expect 


In view of the im- 











to find a line due to a double or multiple molecule. 
Again, if a line due to an atom were found on a plate 
we might expect to find also a line due to a molecule, 
which would be equivalent to a particle of twice the 
atomic weight, but there was no reason for anticipat- 
ing that we should find on the plates lines due to 
particles of apparently one-half the atomic weight 
of the gas experimented with. Again, with a dis- 
charge tube containing CO, and nothing else, we 
should not expect to find a line due to a particle 
weighing, apparently, one-half as much as the 
molecule of CO, though we would expect to find 
lines corresponding to oxygen and carbon atoms, 
with weights of 16 and 12 respectively. The 
absence or presence of a line corresponding to the 
half value of a molecule might thus afford evidence 
as to whether a molecule was that of an element or 
of a compound. 

It was found, as matters turned out, that 
lines due to atoms were often accompanied by 
lines due to particles of apparently half the 
atomic weight. Thus in Fig. 2 the triplet of 
lines marked a, b and ¢ were due, respectively, 
to carbon, nitrogen, and oxygen atoms, having 
weights of 12, 14 and 16 respectively. Above 
these was found another triplet of faint lines, 
due to particles with apparently atomic weights 
of 6, 7 and 8 respectively. At first it was thought 
that these lines might be due to three new 





Fig. 2. 


elements, but ‘further study showed that they 
actually were produced by atoms of carbon, nitrogen 
and oxygen each carrying two charges instead of 
one. 

Again, it might seem impracticable to distinguish 
a line due to a molecule from one due to an atom, 
but it was found that certain lines had protuberances, 
the tips of which were only half as far as usual 
from a vertical through the centre point. This 
implied that the particles to which these beaks 
were due had twice the amount of kinetic energy of 
those responsible for the normal parabolas. This 
was particularly well shown in Fig. 3 (reproduced 
from our issue of last week). Here the discharge 
tube contained very pure oxygen, and the two 
principal lines visible were due to the oxygen 
atoms and the oxygen molecule respectively.§ The 
line due to the atom was prolonged by a beak 
reaching, as already explained, half way to the 
vertical through the centre spot. Above this line 
came a faint line at B, corresponding to an apparent 
atomic weight of 8, ve was ioe: ¥ = atom > 
oxygen carrying two charges ins of one. 
can Psa di Thomson proceeded, say a further 
word on how these beaks were produced, as the 
matter had now become one of the very highest 
importance because to a large extent, these beaks 
served to distinguish whether a line were due to the 
atom" of an element or to the molecule of a com- 
d. Thus Mr. Aston had determined. by his 
“ foous method ” (described in the last lecture), the 
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atomic weight of chlorine, which came out at exactly 
35-0 (taking oxygen as 16). There was not a trace 
on his plates of any atom with an atomic weight 
of 35-5, but he always found associated with this 
chlorine line at 35, lines corresponding to atomic 
weights of 37, 39, and so on. These lines might be 
due to hydrides of chlorine such as ClH,, ClH,, 
ClH,, or might be due, as Mr. Aston maintained, to 
isotopes of chlorine, that was to say to elements 
having the same chemical properties as the main 
chlorine constituent, and hence inarily 
difficult to separate from it by chemical methods. 
The point was of the greatest importance, since 
the atomic weight of chlorine, as determined 
by chemists at 35-5 had been considered accurate 
within an error of less than ;}, of one per cent. 
The huge discrepancy between this value and 
the value of 35, Mr. Aston accounted for by 
maintaining that the chemist had always worked 
with a mixture of two substances which he was 
unable to separate by the methods at his command. 
On this view there were two different chlorines 





Fie. 3. 


with atomic weights of 35 and 37 respectively and 
possibly, also another chlorine with an atomic 
weight of 39. 

The question at once arose as to what evidence 
there was for believing the line corresponding to an 
atomic weight of 37 was really due to an isotope 
which was an element and not really a hydride 
which was a compound. The answer to this 
question was derived from the study of photographs 
of positive rays. As a matter of experience it was 
found (with at most, one or two exceptions) that 
the protruding beak above described, was never 
present on other than a line due to an atom of an 
element. It was not found on lines due to molecules, 
whether molecules of elements or molecules of 
compounds. When present these beaks were always 
accompanied by lines corresponding to particles with 
an apparent atomic weight equal to one-half that 
of the particle responsible for the protruding beak. 
The point at issue here was one of quite fundamental 
importance, since Mr. Aston’s measurements revolu- 
tionised the whole series of atomic weights. 

Taking oxygen at 16, then in agreement with the 
chemists, Mr. Aston found hydrogen to have an 
atomic weight of 1-008, but the atomic weights of 
all other elements turned out to be whole numbers 
in accord with Prout’s hypothesis. This was a 
most revolutionary result, and there was a natural 
desire to know the evidence which was held to 
establish it. 

One criterion relied upon was the existence of 
doubly charged atoms. The beaks shown on 
certain atomic lines implied that the particles 
producing them had more than the normal kinetic 
energy. They were thus not so easily deflected by 
the electric field through which they were caused to 
pass. Each particle got its energy in the discharge 
tube, and if certain of them carried double charges 
the amount of energy acquired there would be 
doubled. If this additional charge were retained 
after passing through the cathode and in passing 
through the electric and magnetic fields employed to 
sort the particles out, as explained in a previous 





lecture, the result would be that the deflections pro- 
duced by these fields would also be doubled, and the 
parabola traced on the plate would terminate in the 
normal position. If, however, the particle lost one 
ofits charges after passing into the tube the 
cathode but before passing through the electric field 
used to deflect it, it would in view of its greater 
kinetic energy, be pushed back less than the normal 
distance, and we thus got the beak. It would be 
seen that two processes were involved in the 
formation of these beaks. In the first place the 
particle must have acquired a double charge in the 
discharge tube, and secondly, it must in some way 
get rid of this additional charge after entering the 
channel through the cathode. Over 2,000 plates were 
now stored at the Cavendish laboratory, and as an 
empirical rule derived from the examination of 
thousands of plates it might said that the capa- 
city of acquiring a double charge was possessed 
by the atom alone and not by the molecule. Only 
one exception to this rule was known, and this was 
of extremely rare occurrence. In some half-dozen 
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plates out of the thousands the lecturer had ex- 
amined it was found that in the case of a line 
corresponding to an apparent atomic weight of 28, 
and due accordingly either to a molecule of N or to 
one of CO, the parabola was prolonged by a beak, 
showing that this particular particle was capable of 
acquiring a double charge. This, however, was the 
sole instance known, and hence, as a working rule, 
satisfied in an enormous majority of cases, it might 
be said that atoms only had the property of 
acquiring double charges. 

In Mr. Aston’s experiments on chlorine he found 
associated with the lines corresponding to atomic 
weights of 35, 37 and 39, lines corresponding to 
apparent atomic weights of 17-5, 18-5, and perhaps, 
19-5. Hence he concluded that the particles 
which produced the lines 35 and 37 were capable of 
acquiring double charges, and were thus atomic, 
that with an atomic weight of 37 being an isotope 
of chlorine. On the other hand some of the lines 
he observed close to the chlorine line were not 
accompanied by lines corresponding to 4 values of 
their apparent atomic weights. He concluded 
accordingly that these lines were due to hydrides 
of chlorine. 

He did not wish, Sir Joseph continued, to put the 
evidence higher than it actually was. Mr. Aston’s 
conclusion as to the isotope was founded on an 
empirical rule, and it might turn out that the isotope 
was farther away from the principal constituent of 
ordinary chlorine than Mr. Aston thought. Some 
years ago the speaker had himself tried to find a 
chlorine isotope. His apparatus certainly did not 
give nearly so large a dispersion as that devised by 
Mr. Aston, but he had found no signs of an isotope 
near the chlorine line. There was, however, no 
getting away from Mr. Aston’s main result, viz., 
that the atomic weight of chlorine was 35 and not 
35-5, but how this was to be explained was, of 
course, another matter. 

Further evidence as to the nature of the particles 
carrying double c had been obtained by 
Stark. He found that the spectrum given by an 
atom carrying two charges was not the same as the 





spectrum observed with particles carrying one 








charge only. The method employed by Stark was 
@ very interesting one, It was based on Déppler's 
principle, according to which a star rapidly approach- 
ing us looked bluer than it would if at rest rela- 
tively to the earth. ll the lines in the spectrum 
given by a star moving towards us were shifted 
towards the blue end of the spectrum. The positive 
ray particles moved with a speed which might, in a 
normal tube, be as much as y4, that of light. Such 
a relative speed would be enormous in the case of a 
star, and hence when the light from the positive 
rays was examined in a spectroscope the Déppler 
effect was very marked. If, for instance, doubly 
and singly charged atoms of oxygen existed in the 
same tube we had in effect two different kinds of 
oxygen present. Since the doubly charged atoms 
acquired higher speeds than the singly charged 
ones, the shifting of the lines would be greater for 
these. On examining such spectra Stark found that 
the displacement was not the same for all the lines 
in the spectrum. Those lines for which the shift 
was greatest must accordingly be due to doubly 
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charged atoms, and those showing a smaller dis- 
placement to more slowly moving atoms carrying 
a single charge. The lines in a spectrum had been 
classified into series by Rydberg, and Stark found 
that the “sharp” series was due to atoms carry- 
ing double charges, and the diffuse series to lines 
having but a single charge. Th the case of mercury, 
which could carry as many ven charges, Stark 
found that to each charge @Arried, corresponded a 
different type of spectrum, 86 that these differently 
charged atoms had different’ properties. 

Another peculiarity was at times observed in 
positive ray photographs. Thus referring to Fig. 4 
we had two lines with the peculiarity, that the 
first part of the second line was exceedingly faint, 
the line only becoming bright at double the normal 
distance from the vertical through the centre point. 
Incidentally, it should be noted that the head of the 
upper parabola and the head of the bright portion of 
the lower curve lay on the same horizontal line. 
Again, in Fig. 5 the innermost line was produced by 
the mercury atom. At first this line was strong, 
then it faded away to become brighter further on. 
This was followed by another region of faintness, 
followed by another bright spot, and so on. 

What, the lecturer continued, was the cause of 
this “‘ beading” which at times was so remarkably 
prominent in positive ray photographs? Consider, 
he said, what would happen if the line due to an 
atom arose in two differertt ways. Thus in the case 
of an element the molecule might be split into its 
atoms whilst still in the discharge tube, and in that 
case each atom would the normal energy 
when it entered the channel through the cathode. 
The atoms would thus be able to come up to within 
a certain distance of the vertical through the centre 
spot. If, on the other hand, a molecule split into 
its atoms after attaining the cathode, the normal 
amount of energy acquired by the’ tholécule would 
be divided between the two component atoms. 
Thus at the best an atom of hydrogen thus produced 
could not get within less than twice the normal 
distance of the vertical through the centre spot, 
and would load up, in this neighbourhood, the 
line due to atoms which had been broken off 
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the molecule whilst the latter was still in the 
discharge tube. A more complicated case arose 
when the discharge tube was filled with, say, 
CO. Each molecule of this gas would acquire, in the 
discharge tube, the normal amount of energy. If, 
however, after entering the passage through the 
cathode, it split up, this energy would be divided 
up between the constituent atoms in the proportion 
of 12 to 16, the carbon atom proceeding through 
the deflecting fields with }4 of the normal energy, 
and the oxygen atom with 44 of the normal energy. 
Hence the lines produced by carbon and oxygen 
atoms which had acquired normal energy in the 
discharge tube, would be loaded up or “ beaded ” at 
points corresponding to the above respective amounts 
of energy. Actual measurement showed that 
beads existed on these lines at exactly the points 
in question. 

We had here, Professor Thomson continued, a 
method of determining the origin of certain lines. 
When’ these started some distance back from the 
normal position they were due to atoms which had 
been broken off a compound, and we were thus in a 
position to say that. certain elements were capable 
of forming compounds hitherto unknown to the 
chemist. For example, one helium atom was not 
commonly supposed to be capable of uniting with 
another helium atom to form a double molecule. 
Nevertheless, on certain plates (though very 
rarely) it was found that the helium line was set 
back to double the normal distance from the 
vertical through the centre spot. This showed that 
in certain circumstances two helium atoms could 
unite together and subsequently break up. Mer- 
cury, again, was not supposed to be capable of 
forming molecules consisting of more than one atom, 
yet in the discharge tube mercury lines had been 
obtained showing that it was capable of forming 
molecules to an apparent atomic 


weight of 400. By studying the plates in this way | is 


it was possible to extract from them a good deal of 
information as to the chemical characteristics of 
different substances - 

In certain cases a plate showed parabolas due to 
particles negatively charged. These negative 
charges must have been acquired (after the particle 
had passed through the cathode) by collision with 
molecules of the gases present. Only compara- 
tively few elements had been found capable of 
picking up these negative charges. In most cases 
they corresponded to elements recognised as electro- 
negative, such as oxygen and chlorine ; but particles 
of bodies not usually recognised as electro-negative 
were also found on the negative side of the photo- 
graphs. Amongst them might be mentioned the 
hydrogen atom, which was found with a negative 
charge on practically every plate. Carbon was also 
found with a negative charge on most plates, and 
neither of these two elements was commonly recog- 
nised as electro-negative. When the discharge 
was passed through hexane, not only carbon but 
CH was found to reach the target with a negative 
charge, So did oxygen and OH. A molecule 
consisting of three atoms of carbon was also found 
on the negative side, In general, however, atoms 
were found to acquire negative charges more 
readily than molecules. Thus, whilst a negatively 
charged hydrogen atom left its ‘trace on every 
plate it was rare to find the hydrogen molecule 
negatively charged. Again, whilst the line made 
om the negative side by the oxygen atom was 
always strong that due to the negatively charged 
oxygen molecule was much more faint. Only two 
instances were known, as yet, of compound mole- 
cules carrying negative charges. These were 
molecules of CH and of OH, That hydroxyl 
might carry a negative charge was not strange, 
but the speaker did not, he said, know enough 
about CH to say whether chemists had any 
reason to think it a molecule likely to carry a nega- 
tive 

In Fig. 6 it would be seen that there was a great 
difference in the lengths of the lines visible, and, 
indeed, in some cases certain lines were reduced 
to mere spots whilst others were of considerable 

A trace implied a wide range in the 
by a particle, whilst a short line 
the particles of that partioular kind 
acquired, in the discharge tube, substantially 





the same amount of energy. Practically the whole 
of the fall of potential in a discharge tube took place 
between the “negative glow” and the cathode. 
The constituents of a molecule which was split up 
beyond the negative glow would thus all come 
through the cathodé with the same amount of 
energy, which was the maximum possible. Such 
particles would, therefore, be concentrated at the 
heads of the parabolas, and if we got, as sometimes 
happened, a mere spot here and not a very long line, 
it followed that the particles producing it all came 
from beyond the negative glow, and had not been 
produced in the dark space between this negative 
glow and the cathode. By studying the length of 
the lines recorded in a plate it was possible accord- 
ingly, to derive information as to the place in which 
the particles originated and as to the chemical 
processes going on within the tube. 





THE WORKER AND UNEMPLOYMENT. 


By Jamzs T. Brownim, Chairman of the Executive 
Council of the Amalgamated Society of Engineers. 
UNEMPLOYMENT is the bane of our industrial 

system. It was Carlyle who said that “ Workmen 

fear unempl t more than they fear the wrath 

of God.” The Sage of Chelsea, being the son of a 

working stonemason, was not without actual 

experience of the miseries and privations which are 
inflicted upon the household as a result of the bread- 
winner being thrown out of work. It is only those 
who have gone through this awful and 
experience that can fully appreciate the desolation 
that.enters’into the soul of the poor “ o’er-laboured 
wight,” as he trudges from workshop to workshop 
seeking and begging for leave to toil. It is the 
damnable fear of being thrown out of employment 
that. makes the workers adverse to the introduction 
of any change in the methods of manufacture that 
calculated to expedite output, and not from any 
teal desire to hinder, in any way, increased 
duction whereby the material essentials of life 
be produced in abundance, to enhance the comfort 
of all. Workmen are opposed, and they are not with- 
out justification for their opposition, to increasing 
production to. swell the already swollen profits of 
the profiteers, and are striving to establish a more 
exalted industrial objective than the production of 
goods for profit. They hold that the final object 
of industry should be to. get a good method of 
distribution and a great quantity of consumption, or, 
as Ruskin puts it, “to use everything and use it 
nobly, whether it be substance, service, or service 
perfecting substance.” 

Broadly speaking, under normal conditions, 
national and international, depression in trade may 
be said to be due more to under-consumption, 
and not, as ofttimes stated, over-production. In 
other words, the main cause of unemployment may 
be tersely stated thus: Under existing conditions 
of wealth distribution, production outstrips con- 
sumption so that in the course of time there is a glut 
of commodities on the market which cannot be im- 
mediately disposed of at a profit to their possessors, 
with the inevitable result that production slows 
down and workmen are thrown out of employment, 
notwithstanding the fact that millions of workers 
and their families are in dire need of the com- 
modities which the labour of the workers has 
produced. If the consuming powers of the workers 
were inoreased, i.e, by higher earnings, thereby 
bringing consumption on a level with production, an 
equilibrium would be effected and employment 
stabilised. 


There is no valid reason why industry should not 
be organised in such a way as to provide full and 
constant employment for all. The present system 
of organisation, or lack of organisation, which is 
responsible for periods of industrial activity being 
followed by periods of industrial depression, is a sad 
commentary on the statesmanship of our captains 
of industry. The organisation of industry on just 
and humanitarian lines must be tackled in a way 
that will not only put an end to these reourrent 
periods of trade depression and unemployment, but 
will give to the workmen, through their directly 
chosen representatives, a share in the control of 
industry, if industrial unrest is to be allayed and the 
workmen give of their best. Whatever may be the 





future’ structure of society, we cannot afford to 
ignore present-day facts. The most fearful and 
appalling fact, from the workman’s view-point, is 
unemployment, or his lack of the means to provide 
himself and his dependants with the requisites of 
life when out of employment. 

In a paper which the writer recently submitted 
to a conference of representatives of working-class 
associations, the issue was raised as follows : “ Why 
should not responsibility for unemployment be 
thrown entirely on to the shoulders of the employing 
classes who control and organise industry, and who 
claim the profits partly-as a compensation for the 
risks they take and partly as a payment for their 
organising skill? It is maintained that some 
industries cannot be run without a reserve of 
labour; but if the reserve is to suffer while it is 
standing idle, the employers are shifting some of the 
tisks of industry—for which they themselves are 
compensated—on to the shoulders of the workers. 
Again, unemployment is often due: to defective 
organisation, and if the employers are to be paid 
for organising skill, there is no great hardship in 
asking them to bear the losses involved by the lack 
of it. Now I think that if each industry were 
responsible for thé cost of. unemployment, it is 
practically certain that unemployment would 
diminish, with enormous gain not only to the 


‘workers but to the community in general. 


There is before Parliament an Unemployment 
Insurance Bill which provides that_ workmen who 
may be unemployed in specific trades shall receive 
15s. per week, or 2s. 6d. per day for a given period. 
This amount is totally inadequate in present circum- 
stances. There is provision in the Bill which gives 
an opportunity to industries to contract out of the 
general scheme by setting up “special schemes ” 
of their own, giving equal or superior advantages, 
such as may be approved by the Minister of Labour. 
Here is an excellent opportunity which should be 


pro-|embraced by the representatives of the employers 
may} and the workpeople to meet and consider the matter 


with a view to formulating a “special scheme.” 
It should not be impossible for the representatives 
of the respective parties to draft an acceptable 
scheme that would be in many respects superior 
to the general scheme proposed by the Government, 
inasmuch as a special scheme prepared by a well- 
organised industry, employers and workpeople 
alike, could be administered more economically than 
the Government’s general scheme. Such a scheme 
would, at least, be free from the blighting influence 
of bureaucratic control, as it would be managed and 
administered locally and centrally, by the direct 
representatives of the parties concerned. 

In a very interesting and instructive article which 
appears in the current issue of The National Review, 
from the pen of Sir Vincent Caillard, on ‘‘ Industry 
and Production,’ there is evidence that he, at any 
rate, is alive to the paralysing fear of unemployment, 
and its deterrent effect on production and of the 
necessity of something being done to. remove the 
not unnatural anxiety from the heart of the work- 
man. He says: “There is, further, the natural 
and disturbing fear that over-production will come 
about, with its accompanying crisis of unemployment 
and distress—and that even without over-production 
the introduction of labour-saving machinery may, 
at any rate for a time, cause a similar crisis. This 
is a fear which has not been sufficiently realised by 
employers, and which they should meet and eradi- 
cate at onee. It should not be impossible to devise 
a general scheme of insurance sufficient fully to 
cover the risk of unemployment, and remove finally 
from the heart of labour the paralysing weight of 
anxiety which is now a very heavy drag on the 
development of industrial production. If this were 
done, and their place in the sun assured in the way 
of a living wage and in the settlement of hours of 
work—¢.g., the 48-hour week—so as to leave the 
reasonable leisure to workers to which they are 


and industrial prosperity is to obtain; if the cost 
of living is to be reduced and exports and produc- 
tion increased, it is imperative that ves 
of employers and workpeople should come together 
to settle this baneful question of unemployment. 
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THE LATEYMR. ANTHONY GEORGE 
LYSTER. 


Ir will be with deep regret that a large circle of 
engineers will hear of the death, on Wednesday last, 
of Mr. Anthony George Lyster, whose name is 
widely known in connection with harbour and 
dock engineering. Born on April 6, 1852, Mr. 
Lyster was the second son of Mr. George Fosbery 
Lyster, M-Inst.C.E., of Gisburne, Liverpool. Mr. 
Lyster was, therefore, only 
68 years of age at the 
time of his death. 

The major portion of 
Mr. Anthony Lyster’s life 
was spent in close connee- 
tion with port develop- 
ments on the Mersey, the 
father and son between 
them being responsible for 
the greater part of the 
improvements at this port 
over a period of well 
over fifty years. Mr. G. F. 
Lyster was appointed en- 
gineer to the Mersey 
Dock Estate in 1861. The 
son was educated at 
Harrow, and subsequently 
continued his education 
at Bonn under a private 
tutor. He served his 
pupilage under his father 
in the office and on the 
works of the Mersey Dock 
Board. He was also about 
this time for some time 
in the drawing office of 
the Elswick works of Sir 
W. G. Armstrong and 
Co., Newcastle -on - Tyne, 
which experience was 
doubtless of great assist- 
ance to him in connection 
with the hydraulic ma- 
chinery installations at 
the new works then being 
put in hand at Liverpool, 
and equipped hydrauli- 
cally by Messrs. Arm- 
strong. In 1873 the 
Board obtained powers 
to carry out very large 
improvements, estimated 
at about four millions 
sterling. These were en- 
largements and ailtera- 
tions recommended by 
Mr. G. F. Lyster, and in- 
cluded two main groups of 
works. The so - called 
northern extension com- 
prised the enlargement of 
the Canada Basin and the 
construction of new docks 
of a water area of over 
83 acres, and quayage of 
over four* miles. These 
works included the 
Hornby, Alexandra and 
Langton docks, with their 
branch docks, locks, &c. 
The remainder of this 
scheme was known as the 
southern extension, and 
resulted in the addition of 
over 27 acres of water area 
and nearly two miles. of 
new quayage being added to the facilities at the 
port. Thus the whole project, was for an increase in 
water acreage of about. 100, with six additional 
miles of quay. The former increased the existing 
area of the port by about 40 per cent., and the 
latter by about. 35 per cent. . 

From 1877 till their completion Mr. A. G. Lyster 
be in charge of the construction of these works. 
oe bs we have shown, a notable addition 
The father adie accommodation on the Mersey. 

was responsible for their design, and 
gave @ comprehensive account of the undertaking 


in a paper he read before the Institution of Civil 
Mr. A. G. Lyster, about this time, invented a novel 
elevators. The idea at first was to use a movable 
barges. 
on the roof of the dock shed, so that they would 


be out of the way, but could be moved to any spot 
along the berth, the elevator proper being suspended 








Photograph by Thos. Fall. 
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from a crane running on the roof. The elevator 
part of the scheme was not adopted, simply because 
shipowners at. the port of Liverpool were required 
to find such appliances themselves ; but roof cranes 
of a capacity of 30 cwts., on Mr. A. G. Lyster’s 
principle, were adopted, and resulted in greatly 
increased tonnage per lineal yard of quay. 

After holding the position as Assistant Engineer 
to the Mersey Dock Board for some time, Mr. A. 
G. Lyster followed his father and held the 
position of acting engineer-in-chief, from 1890 
till 1898. In the latter year he was made 





Engineers in 1890. It is interesting to note that 
type of crane, originally intended for use with grain 


type of grain elevator to clear ships over side into 
Mr. Lyster’s plan was to place the elevators 








engineer-in-chief, which position he retained till 
1913, when he resigned to become a partner, in 
the firm of Sir J. Wolfe Barry and Partners, West- 
minster. While Mr. Lyster was acting chief engi- 
neer, the entire reconstruction of two large groups 
of docks was undertaken, involving expenditure to 
the amount of three and’ a-half millions sterling. 
During the latter part of his time in Liverpool Mr. 
A. G. Lyster was responsible for the design and 
construction of the Gladstone Dock, which, however, 
was actually completed by 
his successor, Mr. T. M. 
Newell. These works have 
been fully described in 
ENGINeERING and there 
is no need to enlarge upon 
them now. His name will 
also always be associated 
with the Mersey estuary 
revetment scheme. It may 
be mentioned that, exclu- 
ding work at Birkenhead, 
something in the order of 
13 millions sterling was 
expended by the Mersey 
Board on dock works for 
which Mr, G. F. and Mr. 
A. G. liyster were respon- 
sible, between 1873 and 
1913, the son remaining 
consulting engineer to the 
Mersey Dock Board till 
the time of his death. 

Under Mr. A. G. Lyster 
sand dredging was adopted 
on a large scale in connec- 
tion with the Mersey Bar. 
After the use of some ex- 
temporised plant, in 1893 
the — suction 
Brancker of 3,000 tons was 
built. This was the largest 
hopper suction dredger at 
that time. The hopper 
discharging we 
were on a system designed 
and patented by Mr. A. G. 
Lyster. From that time 
onwards suction dredging 
was more and more largely 
adopted on the Mersey, 
and finally resulted in the 
development of the Levia- 
than, a dredger of 10,000 
tons hopper capacity, built 
by Messrs. Cammell Laird 
and Co, in 1908 to Mr. 
Lyster’s designs. 

He was elected a mem- 
ber of the Institution of 
Civil Engineers in 1882, 
and was President of the 
Institution in 1914. In 
his address he made a 
departure from usual prac- 
tice, since, as he himself 
remarked, the two engi- 
neering topics which he 
was best in a position to 
discuss had been dealt with 
hy others only a few years 
previously. His presiden- 
tial address, therefore, 
instead of being devoted 
to dock construction, &., 
dealt with harbour and 
port management, a sub- 
ject for which his long 
experience with so progressive @ port as the Mersey 
pre-eminently fitted him. His knowledge of the 
working of ports and harbours was called into play 
on wider subjects when he was appointed, in 1908, 
a member of the International Technical Com- 
mission for the Suez Canal. He was also consulted 
with regard to improvement of New York Harbour 
and later with Bombay, Port Elizabeth, Shanghai, 
&c. Mr. also was a member of the 
Admiralty ittee on Naval Works at Doon 
and Rosyth, of 1913. He was also Associate 
Professor of Engineering at Liverpool University. 
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INDUSTRIAL NOTES. 


Lecrurtine last week in the Department of Industrial 
Administration of the Manchester College of Technology 
Mr. Perey J. Pybus, C.B.E., one the managing 
directors of the English Electric Company, said that 
increased production was a ery with which we were all 
familiar. Reviewing the objections of the trade 
unions to increasing output, he said that it was a 
doctrine which was repudiated by many trade unionists 
and by almost all the responsible labour leaders, but it 
was impossible to contest the extent of its influence 
on the rank and file. It had its origin in the dread of 
unemployment. The group-bonus system, Mr. Pybus 
continued, was radically unsound, and its adoption 
a8 a solution to our present troubles would only in- 
tensity them. The relative ity with the 
engineering unions of systems such as the Priestman 
bonus system in itself excited suspicion. The support 
given by district branches of those unions was con- 
sistent neither with their declared objections to - 
ment by results nor with the advocacy of many of 
leaders of idleness as a political principle, 
point of view of the men such systems 
“money for nothing.” The good worker the 
result of his exertions with his coll es, while the 
slacker distributed the results of his idleness over the 
shop. Mr. Pybus su uently briefly outlined a 
scheme which was su ly working in a modern 
factory, and said the reason for its success lay in the 
fact that the whole question of rate-fixing was 
into the light of day and revealed its trae character 
as an open bargain between the workmen and the 
employer. A rate was fixed for a new job and offered 
to the man concerned. He was at liberty, if he 
or ed it, to go to the time study office and work 
t the ions with the responsible official. 
If still unconvinced he could refer to a committee 
which had to meet within two days of the t. 
Pending its meeting the firm’s rate was given to, 
and the decision of the committee when given was 
retrospective, and no figure as to the time taken on the 


committee. That body consisted of three representa- 
tives of the firm and three of the men, one of whom 
was the workman concerned, and the other two were 
selected by him as being on similar work. If the 
committee failed to agree the firm was called upon to 
demonstrate in its own works that the rate was fair. 
It was open to the firm to use the for 
reviewing a rate which the 
reduction was compensated by an equivalent addition 
to the rate for some other job less favourable to the 
men, 





An award issued on the 10th inst. contains the 
decision of the Industrial Court on the application of the 
trade unions connected with the engineering trades for 
an advance in w It has been the practice since 
early in 1917 for an arbitration tribunal to review 
the wages position in the engineering trades every 
four months. The authority for this purpose was 
previously the Committee on Production, and later 
the Interim Court of Arbitration. These bodies no 
longer exist, and on the occasion of the recent pane 
in February the matter came before the Industri 
Court. The claims of the unions were, in general, 
for an advance of 15s. a week to men and 10s, a week 
to youths and boys, The decision of the Court refers 
to the fact that in December last the men obtained an 
advance of 5s. a week as the result of an award of the 
Interim Court of Arbitration, largely on the ground 
that an increase in prices was expected to take place 
during the winter months. That expectation appears 
to have been partially fulfilled, the official index 
number of the cost of living having advanced from 120 
above pre-war level in October last to 130 at the 
i The Court now hold that the men’s 

of cost of living fails. The awards 


m the | men is 


3k yoors of og. aRm Ene o8 odunnee of 16 Bos gent, 
on pi prices,. The application of the advance 
em a new principle so far as general awards 
ously given in the trade are concerned, a provision 
for half the advance due on 

A 1 and thé remaining half on June 1. The 
vances ate pa to all workers, irrespective of age, 
so far as they are employed on piecework and also to 
labourers under 2] years of age who are customarily 
id men’s rates. An award substantially similar in 
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whose offices are at 12, Great . 
te mw Vane 9 aed pee erenge - 
essional charges for valuation o erties, valuation 
egechete or estate duty, &c. We aoe add that Mr. 
Howard Martin, one of the past- ident of the in- 
stitution, has accepted office as the first official arbitrator 
appointed by the Reference the 
Acquisition of Lands (Assessment of Compensation) 

919, 


of the Committee on Production and Court of Arbitra- | Act, 191 


tion were given principally on the ground of changes 
in the cost of living. The decision of the Industrial 
Court on this occasion points out that while, during 
the exceptional circumstances of the war, it was 
proper to take into account the cost of living as the 
principal determinant of wages >ther considerations now 
arise. It expresses the view that the remuneration 
of the workpeople should depend on the value of the 
work done and that the value of the work done depends 
on the state of the market. It proceeds to point out 
the engineering trade is in a condition of excepti 
activity owing to the need for repairing the loss and 
wastage of war. It also refers to the fact that the 
st Sie. see eppaeened been. Sperd Swe, Stamens 
meet the increased cost ing, remained unchanged 
years, to he: relationship between the 


the position in the 
Having 
the Court have i 


s 


British Non-Ferrovus Metats ResEarcn Asso- 
cIaATION.—Reference was made to this association at the 
recent meetings of the Institute of Metals. The associa- 
tion has recently been established in the interests of 
British manufacturers and users of ferrous metals. 
A first meeting of manufacturers was held in Birmingham 
in December, 1917, when a provisional committee was 
formed, Articles were drafted, and a certificate of 
incorporation was only granted on Jam 
The association is a national one; it has 


as 
non-ferrous metals industry. 

the whole of that moe | and includes producers, 
manufacturers and users. Its objects are to act as a 
ow mh Ae ae ay ay tog 
and technical knowledge means of its bureau; to 
sendin’ incuntsiel senseaey. fe 8p. be, Neriee she. sesnite 





4 facture of a new line 


THE ART OF CASTING IN HIGH TENSILE 
BRASS,* 
By Nem J. Mactzan (Glasgow). 
Earty in 1916 the writer’s firm took up the manu- 
of ision instruments for naval 


of — were specified to be 
of « g ©,” as the alloy is usually named, 
or high tensile brass, as it might better be termed. At 
t+ time the out was about 6 tons of castings per 
week in the fi —4 tons of Admiralty gun-metal, 
ton of yellow brass, and 1 ton of miscellaneous alloys. 
he limited experience previously obtained of o— 
Ae the Bee owned ee fh Ae BO 
, and the prospect was somewhat 
uddenly fulfilling this new requirement in the midst 
of the stress of that very strenuous time. The firm which 
was ing these instruments stated that they 
turned out quantities of casti in the 
alloy, that it was quite easy to in and 
relied on to oho ultimate s of 40 
square inch. were therefore asked to supply the 
meantime, which they agreed to do, but upon 
testing, the first batch of castings gave breaking strengths 
Ga lew as 12 tons per equare inch. The test bars were 
the castings themselves. The matter was 
firm for an explanation, who replied that, 
passed the Government i r 
was no —_ for pe wnt er 
was then considered of obtaining ies 
from one of the firms which s point 
tensile yellow alloys, but as the result of 
ce and conversations with their - 
ves, the conclusion wan reached that in speskin 
of qualities they had in mind results obtained 
= = ran ie cee —— and 
that figures which they quoted as applying to 
img Sertiglor cast metal wore not the guaréntesd mini. 
mum but more nearly the hoped-for maximum figures. 
exam of what is meant is illustrated in Figs. 
11 and 12, on page 391. A pattern of this casting was 
sent to a firm who claimed + their manganese-bronze 
gave 42 tons per square inch and 23 per cent. extension 
on test-pieces selected from a number at random. The 
teat-piece within the i 19 tons tensile and 
per cent. extension ; the chilled test-piece cast outside 
the casting by the makers at their own suggestion gave 
29 tons tensile and 27 cent. elongation. Thus the 
had strength pro ies inferior to Admiralty 
while the manipulated test bar gave results 
the makers’ claims. 
firm did not feel at all satisfied with this 
uence decided to investigate the whole 


in 

for themselves, and though definite conclusions 
not yet been reached on all the points raised, the 
i gained may be of sufficient eral interest 
to bring it before you at this stage. The writer has, 
the iments, consistently kept in view 
practical foundey aspect of the whole question, and 
—— Any — as worth while — 
i ily foundry practice. For this 
was decided at the outset that the test bars 
9) must be cast along with the casting 
which they were supposed to t and under exactly 
the same conditions, without ebilling or manipulation of 
and also that an alloy would not be considered 
specified strength properties unless it could be 
to turn out castings having those properties 
time, with a reasonable percentage allowance of 

In order to give definite eae 


specification of st: 


‘use, in which several 
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to the inquiry the 
was fixed upon as 


the goal, and the quest of m ods was set out upon 
would enable castings to be turned out regularly, 
cast in sand moulds, whose strength could be guaranteed 
not to fall below these to 
Ultimate strength .. 20 tons per sq. in. 
ic limit ... odd --- 10 tons per sq. in. 
Elongation on alengthof2in. 15 per cent. 
It will be remembered that the corresponding figure 
for iralty gun-metal are :— 
Ultimate strength 14 tons per sq. in. 
Elastic limit ... eve --» 7 tons per sq. in. 
Elongation on a length of 2in. 7-5 per cent. 


So that the problem to be solved was, roughly, to produce 
an alloy with 50 per cent. better qualities than the one 
at that time chiefly used. 

The first series of experiments was with a brass made 
from metals of ordinary commercial purity and containing 
either 1 per cent. or 2 per cent. or 3 per cent. of manganese. 
As the high manganese alloy gave on the whole the best 
results, this was adopted worked ly in for 
some weeks. Diagram 1 shows a series of results with 
this alloy. They were promising, but the elastic strength 
was disappointing. In this di , and in those which 
follow, each point on the curve represents the physical 


perties of one test bar, cast in sand. Four test 
were cast in a box and to sizes shown on the 
sketch ; the bar which on broken gave the best 
result was chosen as the bar to figured on the chart. 
The chemical composition aimed at is given in the 
column below the test-bar ings. The elastic limit 

is the term which correctly defines é 
in these tests, the were by placing 2 
curve, and 
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are generally very light in section, and 
one of the chief difficulties is to machine 
them to accurate sizes without distor- 
tion, due to the cut or to clamping. In 
resisti distortion a high ° 
8 is the principal quality in 
question. 

Asecond series of experiments was 
then made in which different elements 
—vanadium, titanium and cadmium— 
were added to the alloy, which was 
otherwise kept the same as the re- 
sultant of res first series. Trouble was 


to imperfect mixing of the vanadium, 
&c., in the cop as supplied by the 
—_ os and to the ‘ime ty A. melting 
the alloy co m ion 
of the charge. Th ao 
improvement in elastic strength but 
ay peer Cmca in ag weae as 

own jiagram 2, pa 90. 

As the results red pa on the whole 
very encouraging it was decided to 





return to the simple anese-brass, 
but to try the effect of using pure 
metals, as the first ents were 


with ordinary comm ualities and 
contained some lead. Thaugh it was 
feared that a lead-free alloy might be 
very troublesome to i the 
} wpe a Te hen the — on 
pee a qualities of using pure 
metals. The result is given in Diagram 
3, page 390, which shows an improve- 
ment in elastic strength, but at the 
cost of the elongation. All these 
efforts—and the experiments were con- 
tinued for several months—-to discover 
methods of practical hoger hy we 
and pouring of this alloy wo 
yield better results were unsuccessful. 
In August, 1918, a damaged German 
Fic. 6. Fic. 10. periscope taken from a captured sub- 
marine was sent to the works for 
examination ; the outer tube was cut 
, KEY TO PHOTOMIOROGRAPES. up anda sample analysed, when it was found to be a 
Solution—{Fe2Cl,g (concentrated solution), 50 c.c. + 15 drops HCl (concentrated) + HzO (distilled)] = 100 o.c- | complex brass containing 9 per cent. of nickel and 1-5 







































































per cent. iron. Figs. 1 and 2, above, are photomicro- 
Composition. (A) By Analysis. (N) Nominal. Results of Tests. graphs of the alloy, whose percentage wen am 
er \. 
Copper ... ose ood one eve 53-0 
of a4 Pe 2 — aan ve ad on a AY 
Fig. | Magni- | Objec 5 3} ™o g ine eee ove ese she bee . 
No, fied. tive. Eg ae ga i 8 “a ome one one ES a a8 
Ou. | ta. |W. | Be. | Po. | oo. | min. | al. | 98) FE /E8| Els Mental fae 
a é 8 & = 5% 5 It will be noticed that the physical structure is very good 
=| Re | RO A indeed, uniform and fine grained. A series of ments 
ls was carried out as suggested by this alloy, with varying 
Winkle | (A) | content of nickel, but without definite results. The 
1 x 30 | J in. |58-19]84-2 | 9-04) 1-45) 0-08] 0-11] 1-56) 0-85 15-0] 83-0) 87-0] 22-0 114-0| } “cma sub- ong A pygmy ge ee atts the vencite 
atson marine, ri- . - PR grea 04 , 
2 x 100} } in. |53-19]/34-2 | 9-04) 1-45) 0-08] 0-11) 1-56) 0-35] 15-0] 83-0] 37-0] 22-0)114-0 scope tube papier ape5 . marked o rena, 
; Winkle | (A) and varied considerably in b ing strength. : 
3 x 30 | gin. |57-29/40-0 | — | 0-75] Trs.| — | 1-92] Trs.| 9-7 | 29-0] 30-0] 18-5) —| (13 M.B.). Further consideration, sup by experimenta, led 
A) to the conclusion that the high percentage of nickel 
4 x 80 »  |s8-d2l41-0} —| 0-75] trs.| 0-15] 2-04 -o09] 13-51 84-0 16-0] 21-0|143-0] (10 M.B.). > pea puede aginedag | ged nee Pf 
(N) (Good result.) | cent., but without detecting any consistent tendency to 
” x 30 »»  |60-0 [34-0 | 3-0 | 2-0 | 0-5 | 0-25) 0-25) — | 11-0) 30-0) 33-0) 18-0/100-0 \ (II., M.B. 42) | improve the strength Lee agar It was decided finally 
(x) ve) to use 3 cent. of hepa A set of peer was 
! b ls next tried which an improvement with increase 
° oo) ae »» 60-0 |34-0 | 8-0 | 2-0 | 0-5 | 0-25] 0-25} —| 9-8] 25-0] 13-0] 17-5) — 1, MB 48) of iene. as @ result of which 2 per cont. of iene wan Send 
4 Watson | (N) (a) (IT., M.B. 216) | OD 88 giving the most promising results. iron 
| * 150] fim. /58-8 [34-0 | 8-0 | 2-2 | 1-8] 0-4 | 0-3 | —| 10-0] 27-0) 40-0) —| — i (Routine). could pe eeeenen fe. be pay np ed poses gee ally 
8 (N) } (iI., M.B, 179) | a small quantity of phosphor-tin was added as a cleanser. 
) (0) (II. M.B. 206) showing it to be more uniform in strength properties than 
9 x 150} ,, [56:0 |34-0 | 8-2 | 2-0| 0-8 | 0-7| 0-8| —| 22-0] 28-01 so] —| — } (Routine). ale thichin ond ee ae aa ot coteral 
A) (d) (IL.,M.B. 259) considerations in using it which were not yet understood. 
10 x 150 20 $s 85-00) 2-35) 1-60) 0-62) 1-89) 0-03} — | 11-0) 19-0) 6-0) 15-0) 93-0 } te Diagram 6 shows the result of these ge 
As there was ao possibility that this y, while giving 
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satisfactory breaking tests, might show poor results 
under alternating stresses, some test bars were prepared 
and sent to Dr. Bernard Haig for test. by him in his 
electromagnetic alternating stress machine. ‘These tests 
showed that, generally speaking, the fatigue strength 
varied roughly as the elastic strength, and was about 
——_ value to it. It was ss from this that 
the alloy was not notably at it in fatigue strength, 
though the tests were not carried far enou, h thoroughly to 
explore its behaviour when subjec to continued 
alternating stresses. 

A general review of the whole series of e i ts 
at this stage s that the following ‘teen tome 
siderations aff vitally the properties of the metal 
as cast, in addition to its chemical composition :— 


ROUTINE M.B. HEATS. 
GREEN SAND) 


Stress 












Di 4.SERIES OF MB. HEATS OF SAME CHEMICAL 
ITION AS GERMAN SU: E PERISCOPE 
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IBMARIN. 
METAL.(CAST IN GREEN-SAND) 
ing Stress 
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Degrees Centigrade 


(2) The method adopted to introduce the special 
metals into the brass when melting the alloy. 

(6) Pouring the castings at the correct tempera- 
ture 


(c) Maintaining the zine content of the alloy constant. 
(a) In the earlier experiments the special elements 
nt—iron, manganese, vam dium, &c.—were brought 
in as double alloys with co or zinc ; but these were 
found to be imperfectly mixed and lumpy, and did not 
prove satisfactory ; they did not melt easily in the molten 
copper nor mix thoro a Sees the mass. The 
conclusion was reac that the way in which these 
special elements were added to the melt was important, 
and it was therefore decided to experiment in the making 
up of these alloys, The first trial consisted of melting 
copper, nickel and iron in the proportions :— 


Per Cent. 
Oo: bee och 75 
Nickel... 15 
Tron bane 10 








in a crucible, raising this to a height of about 15 ft., and 


pouring the molten mass into water; but this plan was 
clumsy and not safe. 

After some h experiments the method finally 
developed was as follows: Soft iron tie wire is made up 
into bundles and placed in the bottom of the crucible, 
nickel shot is poured round it, and copper ingots are 
placed.on top. The copper melts first, and the iron 
and nickel then dissolve in the molten copper. The pot 
is drawn at a temperature of 1,300 deg. C. and skimmed ; 
@ an all piece of phosphor.tin is added ca: ing a vigorous 
reaction ; the molten metal is covered with moulders 
blacking, and it is then poured slowly on to a fireclay 
lined tray, which breaks it up into little streams which, 

acted on by an air-blast, blow it into a hood from 
which it falls into water and is quenched. The air 





























2. EFFECT OF VARYING PROPORTIONS OF 

, TITANIUM, CADMIUM. ADDED TO M.B. 

(CAST IN GREEN-SAND) 
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Diagram SERIES OF ROUTINE M.B. HEATS CONTAINING 
poe & NICKEL . (CAST IN GREEN-SAND.) 
; Breaking Stress 
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o Heats 
IES OF ROUTINE M.B.HEATS FROM OCT 16 


} SERI 
4% 17,1919, CONTAINING IRON & NICKEL. ALL TEST- 
BARS CAST ON CASTINGS. 


Shen 


Scrap 


pressure used is 80 Ib. per square inch, and the nozzle 
a ure 4 in. by 4 in. The sketch, diagram 6, shows 
the arrangement. In this way an intimately mixed 
and finely- ulated alloy is obtained which melts 
readily in whe capper and mixes quickly throughout the 
mass 


(b) 1t is now well established that the temperature at 
which the casting is poured has a very important effect on 
the strength of the casting, and these experiments bear 
this out. Diagram 7 shows that the best pouring 
temperature is at 1,090 deg. C. + 20 deg. Outside these 
limits is a marked falling in one or other of 
the strength qualities. The temperature experiments 
were carried out as follows. The pyrometer used was a 

le instrument made by the Cambridge 








Scientific Instrument Company, with a platinum, 
plati hodi ocouple; this was calibrated 
against a standard pyrometer of the same make, which 
was itself calibra against the melting-points of pure 
metals through a range from 100 deg. C. to 1,084 deg: C., 
and the temperature readings may be taken as 
being correct to within + 5 deg. C. 
A 180-lb. charge of the was found to take 20 
minutes to cool from 1,150 deg. to 950 By analysis 
it was found that the zinc content was about 4 per cent. 
less in a sample poured at the lower temperature than in 
one poured at the higher. It was decided, therefore, to 
carry out the temperature e i ts with three 
separate charges, no one of which was used after bei 
more than 7 minutes out of the furnace ; jin this way the 


Diagram 3. SERIES OF SPECIAL M.B.HEATS FREE OF LEAD 
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Dragram 6: APPARATUS FOR GRANULATING 
IARDENING ALLOY USED IN M.B. ° 











Diagram 9 BARR& STROUD STANDARD TEST-PIECE . 
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composition was kept constant to within 1 per cent. 
of zine content. The thermocouple was protected by a 
silica sheath 0-05 in. thick inside a steel tube. The 
cold junction was encased in an aluminium castin; 
3 ft. 6in. from the hot junction. The pyrometer was hel 
by the operator quite comfortably when in use, an 
asbestos yo protecting the hand from the heat of the 
furnace ; the indicator was placed about 12 ft. from the 
instrument ; com ting leads were used to connect 
yrometer and indicator. The pyrometer was immersed 
in the metal after withdrawing the pot from the fire, and 
was kept in it during the whole time of pouring. By 
taking these precautions the instrument lasted during 
the series of experiments, but it is not thought that 
immersion pyrometers are yet robust enough to stand 
up to routine foundry use; they have always broken 
down when subjected to ordinary foundry treatment. 

It was realised more and more clearly as the investiga- 
tion proceeded that one of the most important factors 
in determining the properties of the alloy was the 

tage of zinc present, and careful examination of 
erent chemical analyses along with photomicrographs 
of the specimens led to the desirable accuracy of working 
being fixed at + 0-5 percent. The steps taken towards 
realising this accuracy were: (1) More accurate weighing 
of the charge. A decimal weighing machine was used 
sensitive to 0-1 Ib. 


(2) Quicker drawing of the pots from 
the fire as soon as the charge was melted. (3) Lectures 
delivered to the furnace workers to try 


to enlist their 
interest in maintaining all the working conditions 4s 
constant as possible. 

Photomicrographs 3 and 4, page 389, show the effect 
on the structure of the metal of variations in the roar 
content. This change of structure is very definite an 
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is eccompentes _, oa — es in the saat Admiralty Gun-metal. . 5. A special hardener was made consisting of :— 
properties, though variation in the zine con is not : 
great. These two photomicrographs are typical of a large es meg ~ ae Beau De aoe 86 + ~T FA Cop) ve are 0 
aL ads oh Bite OMAGH Seer wHtiae Ghee Wale 2) PORRER. gene Be 6 TEE, per ton... 24 _ 15-0 
~ oye br Ate bet = reerhie i nat La ee ee This elted i Has and » ulated b -~ i 

t 8 one 0 was mi inac ie gran wing 
the everyday difficulties in foundry practice seems 5 - £118 a stream of the molten alloy into a tank pres 4 water. 
so far to have received but little consideration from Sfiyh-Fensile Brace. 6. Special precautions were taken to k the sine 
scientific societies, and writer would like to rouse 70 per cent. scrap ingots at 65/. per ton 45 content of the alloy constant by careful weighing of the 
interest in it with a view to eliciting information as to 20 per cent. hardener at 118/. per ton 24 charge, temperature control of the charge while in the 
what is the daily practice in other foundries. The most 9 per cent. pure zine at 70/. per ton ... 6 furnace and instructions to furnacemen on their duties. 
promisi Ry nap tapticp NoAe ngs nay ok i gee is 7. Special precautions were also observed in keeping 

e 


seems to be either in gas or electric melting, in w 
heating conditions are more constant and better con- 
trolledy and the temperature of the metal while in the 
furnace could be measured. It is most important that 
the tem ture should be measured and be under control 
before drawing the pot from the fire, or the damage may 
be done—i.e., an important fraction of the zinc may 
be burned off before the furnaceman knows about it. 
In coke melting under natural draught the weather 
conditions vary and undoubtedly ect the rate of 
melting and furnace temperature, and it is impossible 
to control this variation and maintain uniform conditions. 

A eral survey of the experiments up to the end of 
1918 led to the conclusion that there had tan developed 
a method of casting in high tensile brass which gave 
good results under regular foundry conditions, but it was 
not forgotten that if this method was followed closely 
a practical difficulty would soon emerge, in that there 
would be a lot of scrap from the machine shop and also 





The cost of the gun-metal has been taken out for pure 
metals, as these must be used if the Admiralty tests are 
ith. These costs are made up on the 
of prices as at February, 1919. The price for the 
brass is that actually paid for some scrap sold in 
January, 1919. This shows a saving of 43/. per ton, 
or 36 . in the cost of the metal in favour of the 
. Assuming that the cost of the casting 
i — metal og oe labour and on-cost 
charges, saving in the cost of making the finished 
easting should be about 18 per cent. In the case of a 
foundry turning out about 100 tons of gun-metal casti 
per year ond toking the cost of 1 ton of castings at 200/., 


the pouring temperature of the alloy constant by tempera- 
ture control after removing the crucible from the furnace. 

8. Scrap consisting of foundry scrap, leads, gates, 
&c., and machine-shop scrap was carefully col and 
melted down into ingots. Each ingot was anal 
and the quantity of zinc required to correct for zine 
content noted. 

9. The charge was finally made up, using some scrap, 
some new metal, a quantity of hardener, and zinc to 
correct the zine content. 

10. This alloy, when properly melted and poured, 
can be relied upon to give sound castings, cast in sand 
moulds, having a breaking strength of 20 tons per square 
inch, elastic strength 10 tons per square inch, and 





the saving therefore in using high tensile brass instead of 
gun-metal would be about 3,600I., while the stre 
properties of the new castings would be better than the 
old. The question which every practical engineer must 
Seen is view of thees Ggucm, in why not 
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from the foundry in the form of gates, risers, &c., which 
would be a source of loss if it could not be used up. 
Experiments were therefore carried out on the use of 
scrap in the charge, and the very satisfactory result 
observed that the strength properties of the mixed alloy 
= carefully -collec scrap were not inferior to the 
results when using new metal. The practical difficulty 
m using scrap is the danger of hurtful impurities, such as 
lead and tin, getting into the alloy. To avoid this, very 
careful handling of the in the machine shop and 
while on its way to the fo was 
collected by @ special man in 
machine-shop o 
to touch it. Thi i 
with the brass gates and risers from the foundry, and the 
whole melted in a coke-fired furnace in a 400-lb. pot, 


and run into ingots. The —— were anal for zinc 
content, and the quantit: zine required to give the 
correct proportion in the melt was calculated. The 


following method was developed for making u 
and melting the charge. About 60 Ib. of the scrap iaaets 
= pes vo a ge oe the crucible and melted ; 
e ener of co » Nii and iron is then added, 
floats on the jalines ; the ain Se aoe 
are charged, and when 
into solution, About 3 minutes before the pot is drawn 
from the furnace the correcting zinc is added. By 
following this method, castings giving the results shown 
on Diagram 8, on the opposite page, have been turned 
out during 1919. In Fig. 5, page 389, and Figs. 6 to 10, 
are shown typical photomicrographs of the alloy with its 
chemical composition. The structure is uniform and fine- 
peined. Fig. 6, shows a poor result, probably due to 
ad as the metals, and Fig. 10, page 389, a poor 
remy an oy oe presence of tin. It will be noted 
hat case do the s i 
linits wit oeane —— properties fall below the 


: ee f the i Arn 
myn an oe epee, has, Nae meg, Sant roe ry thet 
etal can cast regulatly under ordinary f 
conditions which has strength properties about ry = 
cent. superior to Admiralty gun-metal. 
an will be interesting to compare the costs of the two 
Oys, as given in the next column: 
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abandon gun-metal and adopt high-tensile brass? It 
is certain that there must be answers to this question, 
which account for the fact that such a change is not 
being made, and it will be interesting to learn what these 
reasons are in the course of the discussion which it is 
hoped this paper will provoke. It has been tried in this 
brief account of a series of experiments carried on during 
the past three years to give the impression that our 
research was always directed to developing practical 
foundry methods rather than to obtaining what one 
might call a labo: result. There has been a great 
deal of research work done in recent years on the co 

alloys, but there is still a gap between the application 
of knowledge so gained and the daily routine work 
of the foundry, and until this gap can bridged the 
improvements indicated in the laboratory experiments 
cannot be realised in practice. In other words, the 
— of @ casting remains still—as it has always 

—much of an art, and only something of a sci 


gation 15 per cent. on a of 2 in. 

In conclusion, the writer desires to acknowledge the 
help that he has received, throughout these experiments, 
from his assistant, Mr. Summers, without whose patient 
and persistent work in the foundry such progress as has 
been recorded here could not have made, 





SOME NOTES ON THE EFFECTS OF 
HYDROGEN ON COPPER.* 


By W. C. Hornersatt, M.Se.Tech. (Manchester),Yand 
, E. L. Rueap, M.S8c.Tech., F.1.C., Member (Manchester). 

THE present notes deal with experiments carried out 
in the early part of 1914 to determine the effect produced 
by the passage of hydrogen through molten copper, on 
the properties of the copper when cast. The work was 
interrupted by the war, but it is thought that the 
publication of the results obtained so-far may be of 
interest. 

Copper Used.—Four types of copper were used in these 
experiments: (1) Copper containing a comparatively 
high percentage of arsenic (0-5 per cent.) and a low 
percentage of sulphur (0-04 per cent.) ; (2) copper 
containing a comparatively low percentage of arsenic 
(0-05 per cent.) and high percen of surphur (0°! per 
cent.) ; (3) copper as in (2), but with additions of various 
amounts of arsenic (up to 0°4 a cent.) and sulphur 
(up to 0-4 per cent.) ; De ager erat ong 

Method of Treatment with Hydrogen.—The —— was 
melted down in a closely-covered fireclay crucible in e 
wind furnace to avoid oxidation, about 1 lb. of copper 
being used for each melt. The hydrogen used was the 
commercial product sent out in cylinders, and was 
bubbled ~ = molten co for 15 minutes by 
means of a sili ate aes ugh the lid of the 
crucible. The amount of gas passed was not measured. 
before treatment by means of a carefully standardised 
Féry BY clam about 8 ft. directly above the 
Pn A me a 
immediatel; ore an ter passage y drogen. 
Immediately “after the passage of the hydrogen the 
surface of the copper was covered with wood 
to prevent oxidation. 

ethod of Casting the O. .—The copper was cast 
in sand moulds in the form of round bars, 6 in. long and 
} in. diameter, the bars being cast on end. Bars of 
untreated ey of the same type were also cast for 
comparison, e copper i melted down under 
charcoal and molten for 15 minutes before casting. 
Any difference properties between the treated and 
untreated copper may therefore be considered as due to 
oe of the y=: other bow ae a mgs mew | 

ifficulty was at t experien: in obtaining so’ 
bars of copper, especially in the case of the copper 
treated with hydrogen. This difficulty was ultimately 
overcome in the case of the treated copper allowing 
the molten cop after treatment to solidify under 
charcoal in the furnace and then remelting and casting. 
In this way sound bars of treated copper were 
obtained. 

This method was not efficacious in the case of untreated 





SumMMarRy AND CONCLUSION. 
1. Castings in ‘“‘ manganese-bronze”’ as submitted by 
firms ialising in that alloy were found to be un- 
satisfactory, in that were unreliable in strength 
properties and failed to fulfil the makers’ claims. 

2. It was decided to experiment with a view to pro- 
ducing an alloy which, when cast in sand moulds without 
chilling, pm § be depended on to give results 50 per 
cent. better than Admiralty 

3. Experiments were made first with a single brass 
containing manganese ; to this in turn were 
vanadium, titanium, cadmium, and, later, nickel and 
iron. The results were at first erratic, but gradually 
became more reliable. : 

4. The alloy finally chosen, after trying a large number, 
” of :— Per Cent, 
‘op : “0 

Zina 34- 

Nickel . 

Tron 

Lead 


Phosphor-tin 


-metal. 


co 
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pper, or of copper which had been allowed to oxidise, 
and had subsequently been deoxidised by charcoal. 
There thus appears to be an important difference between 
the solubilities of hydrogen and carbon monoxide (the 
gas that was apparently the cause of the unsoundness 
of the bars of untreated copper) in solid copper or in 
molten copper at or near the solidifying temperature. 

Temperature of Treatment.—The temperature of the 
copper at the commencement of the passage of hydrogen 
varied between 1,110 deg. and 1,140 deg. C. In one 
case the copper was treated at a tem ture just above 
the melting-point, but an unsound Ser wen obtained ; 
after treatment at the higher tem ture, however, the 

pper cast dly. This ap to indicate that the 
temperature of treatment is important, 

Condition of Cast Bars of Treated pg Dae the 
treated bars after solidification and remelting described 
above cast sound and clean, those contain: a small 





percentage of arsenic having a deep pipe in t per 
end; in the bars of impure copper i pipe was lined 
with well tahedral crystals of copper, while 


oc 
in the case of electrolytic copper the crystals were absent. 
A high percentage of arsenic (0-4 per cent. to 0-6 per 


* Paper read before;the Institute of Metals, March 12. 
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cent.) prevented the formation of this pipe; the crystal- 
line nature of the copper was evident on Cooahdng the bar. 

Chemical Compositi and Physical Properties or 
Treated and Untreated Copper.—The copper was analysed 
before and after treatment with hydrogen, and treated 
and untreated bars were subjected to tensile tests, 
micrographic examination, and determination of the 
specific gravity and electrical conductivity. The 
methods of test employed are described in the Appendix, 
the results obtained being given below :— 








Percentages of Impurities. 





i Treated or 3 I 3 ‘ e 
8 Bar. Untreated. = s 8 4 % 
j a 3 
SE S18 | ¢ 
3 4 B 
nm < 4 i-] 
1 | Average 2 before treat- (0 -038/0-60 |0-066/0-017 
of 7 bars ment } 
5 after treat- 0-036/0-57 |0-058/0-016 Not 
ment 0 -102|0 -062/0 -013\0 -011 esti- 
2 | Average) 3 before treat- | mated 
of ment 
|2 after treat- 0-105/0-053/0-010/0-012 
ment | 
8 (@N Aftertreatment 0-12 (0-20 |0-014/0-009| 0-019 
After treatment 0-11 [0-20 |0-010)0-010| 0-020 
Rs After treatment 0-10 (0-13 |0-016)0-010| 0-017 
(6) T Not treated ..0-37 |0-06 |0-01 |0-01 — 
Us After treatment 0 -38 _ _ _ _ 

















The individual bars of any one class did not vary 
from the average to any marked extent, It will be seen 
from these results that the passage of the hydrogen 
has had no appreciable effect on the chemical composition 
of the copper, except that a certain amount of hydrogen 
has been retained by the copper. The amount of 
hydrogen retained by the copper appears to be small 
when expressed as a percentage, but when worked out 
on an atomic basis it is seen to be present to a greater 
extent on this basis than any of the other impurities 








in this class of copper. Take bar S for example :— 
| 
| Copper 
“= Hydrogen.; Arsenic. | Sulphur. | (by) 
difference 
Percentage pro- | 
portions o* 0-02 0-20 0-11 99-65 
Atomic propor- 
tions .. e¢ 0-02 0-0027 0-0034 | 1-57 
(or 1-00 0-14 0-17 0-78) 
| 











It appears probable that the hydrogen is present in 
solution in the solid cop A point of interest noticed 
during the analysis of the different samples of copper 
was that in the majority of — of treated copper, 
even with sulphur as low as 0-03 per cent. to 0-04 per 
cent., separation of sulphur occurred while dissolving 
the copper in aqua regia. In the case of the samples 
of untreated copper analysed, separation of sulphur 
during solution in aqua regia was only observed in copper 
containing upwards of 0-31 per cent. of sulphur. This 
would appear to be due to the collection of the sulphide 
present in treated copper into globules. (Figs. 6 and 8.) 

Tensile Tests.—Only the results obtained on bars of 
treated copper are given below. ‘Tests made on bars of 
untreated copper were unsatisfactory, owing to the 
presence of too many blowholes. 


Results of Tensile Tests on Treated Copper. 


























; 4 

ss 3 ’ & 
2 st 
Bar. - F % & | Elongation. § 
& 2 ie = (per cent.) i 
é $|¢ BS 

3 g f=) 

Z 3 
1 | Average 0-04] 0-6 | 10-4) 5-1 | 25(on2in.)| 20 
3 |N*.. <.| 0-12] 0-4 | 12-1) — |s8(on1-6in.)| 24 
4 | Electrolytic | —| —| 11-1) 6 6 |17(on1-6in.)| 15 





* Bar N was the only one of the treated bars of classes 2 and 8 
(i.e., with a comparatively high percentag® of sulphur) on which 
& satisfactory tensile test was obtained ; all the others broke 
under a comparatively low load at positions at which segregation 
had occurred, the fractured surfaces being partly covered by a 
brownish-black film. This film, it may be added, did not occur 
on the fractures of any of the untreated bars of Class 2; the 
untreated bars of Class 3 obtained were too unsound even to 
make into a test-plece. 





Specific Gravity. 
Average 
Class. Condition. Specific 
ravity. 





1 Untreated (all unsound). . 
Treated (a) Unsound* 
b) Sound - 
2 Untreated (all unsound). . 
Treated .. ee J 
3 (a) Treated 
bd) Untreated (1 bar 
reated (1 bar) . 





DBADO-10-3-3 
- 
@ 








* This result was obtained by multiplying the observed con- 
duotivity of the unsound bar by *Pecific gravity of sound copper 
specific gravity of the unsound bar 

These unsound treated bars were obtained by casting 
directly after passage of the hydrogen. The sound bars 
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Fic. 1. x 150. 


Fic. 3. x 150. 





Fic. 5. x 160 
Fic.- 7. x 150. 


were obtained by allowing the copper to solidify in the 
furnace, remelting and casting. 
Ei ’ ivity.—T bars were tested for 
| electrical conductivity. All three belonged to Clase 2 
(sulphur, about 0-1 per cent.; arsenic, about 0-06 per 
| cent.). One bar was of copper treated with hydrogen ; 
@ second was of untreated copper melted and cast under 
charcoal, and was the only bar of untreated copper 
which cast soundly ; a third was of copper melted down 
| rapidly in air and cast ; it was unsound, with a specific 
gravity of 7-48. The following results were obtained :— 
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THE EFFECTS OF HYDROGEN ON COPPER. 


Fic. 2. x 600. 





Fic, 4. x 600. 


Reduced by one-third. 





Fic. 6. x 150. 





x 150. 


Fic. 8. 


Reduced by one-third. 


Effect of Treatment on Electrical Conductivity. 
Bar. (Pure Copper 100). 
Treated with hydrogen éés 64 
Untreated, melted and cast 


under charcoal ig Wai 86 
Untreated, melted and cast 
without charcoal gob he 84 


The lowering of the electrical conductivity by the 
of hydrogen is readily explained by 40 
examination of the microstructure of treated and 





MARCH 19, 1920. | 


ENGINEERING, 


393 








untreated copper of this class, and will be referred 
to later. 

Examination of Microstructures.—Sections of the 
screwed ends of the tensile test-pieces were polished 
and etched with a solution of ferric chloride and 
hydrochloric acid. 

“Class 1—Copper.—Arsenic, 0-6 per cent.; sulphur, 
0-04 per cent. 

(a) Untreated.—Photomicrogra of this copper are 
shown in Figs. 1 and 2, page 392. They exhibit dark 
areas of material rich in — surrounded by cell walls 
of @ material rich in arsenic. The small black spots 
in the dark area consist of sulphide; these spots were 
more or less uniformly distributed throughout the copper, 
being mainly present in the dark areas. - 

(b) Treated.—Photomicrographs of this copper are 
shown in Figs. 3 and 4 on the opdosite pages. The 
small area of the photomicrograph is representative 
of the structure throughout the mass. All the sulphide 
was contained in the cell walls. The cell walls appeared 
to be thinner than in the untreated copper. In one or 
two places a sharp thin black line was observed running 
down the centre of the cell walls, 

Class 2—Copper.—Arsenic, about 0-06 per cent. ; 
sulphur, about 0-10 per cent. 

(a) Untreated.—The structure of this ra is shown 
in Fig. 5, and is seen to consist of crystals of 
copper bordered by thin black lines. The'sulphide spots 
are dotted over the whole surface of the copper, some 
appearing in the areas and some at the boundaries of 
thelcrystals. 

(b) Treated.—The structure is shown in Fig. 6, page 392, 
The of the hydrogen has caused a concentration 
of the sulphide at the boundaries of the crystals. No 
sulphide was observed in the crystal areas. The same 
tendency to reduce the thickness of the cell wall is 
observable here a'so. 4 

Class 3—Copper.—(a) Arsenic, between 0-13 per cent. 
and 0-4 cent.; sulphur, about 0-10 per cent. All 
treated. The structures of the copper of this class were 
all similar to the structure shown in Fig. 3. (6) Arsenic, 
about 0-06 per cent. ; sulphur, 0-3 per cent. to 0-4 per 
cent. 

1. Untreated.—The structure of this copper is shown 
in Fig. 7, on the opposise , and is similar to that 
shown in Fig. 4, except that there is considerably more 
sulphide present and that a greater proportion of the 
sulphide appears to be situated at the crystal boundaries. 
In some parts of the sections examined sulphide ‘spots 
were grouped roughly in areas with no distinct boun ‘ 
thickly dotted spots of sulphide appearing on back- 
ground of copper. 

2. Treated.—The structure of this copper is shown in 
Fig. 8. The passage of the hydrogen is seen to 
have effected a remarkable change in the structure of 
the metal. The crystal areas are now quite free from 
sulphide, which is concentrated in well-defined areas 
surrounding the crystals of copper. These areas show 
an eutectic structure consisting of minute spots of 
sulphide in a matrix of copper. 

The main conclusion to be drawn from the micro- 
graphic examination of the various classes of treated 
and untreated copper appears to be that hydrogenised 
—— is capable of forming an eutectic with cuprous 
sulphide, and that in consequence all the sulphide in such 
a copper is concentrated at the borders of the copper 
crystals. 

The concentration of the sulphide at the borders of 
the copper crystals would explain many of the 
peculiarities of treated copper described earlier in the 
paper—e.g., the low conductivity and premature failure 
under load, of copper containing 0-1 per cent. sulphur. 

Summary and Conclusion.—1. Cop treated in the 
molten state with hydrogen will, un suitable casting 
conditions, cast sound, while copper which has not been 
treated with hydrogen but has been deoxidised by 
carbon will not cast sound under the same conditions of 
casting. This points to an important difference between 
the solubilities of hydrogen and carbon monoxide in 
copper. 

2. Copper treated with hydrogen is liable to pipe 
badly on casting unless a compartively large amount of 
arsenic is present. In the case of impure copper, the 
pipe which is formed on casting is lined with well-defined 
crystals of copper which, however, are absent from the 
pipe formed in treated electrolytic copper. 

3. In the case of treated copper, Hit the sulphide is 
concentrated at the borders of the crystals, probably 
owing to the formation of an eutectic of hydrogenised 
er and cuprous sulphide. In untreated copper the 
sulphide, when not present to an excessive extent, is 
distributed more or less evenly through the metal. 

4. The concentration of the sulphide at the borders of 
the crystals causes a lowering of the electrical con- 
ductivity and a liability for the copper to fail prematurely 
under load, at least when 0-1 per cent. of sulphur or more 
is present. The separation of sulphur during the solution 
of treated copper in aqua regia may be due to the same 
cause, 

5. Solid copper is capable of retaining a certain amount 
of hydrogen permanently in solution. 

These results confirm and supplement the work of 
G. Guillemin and R. Delachanal,* who found hydrogen, 
carbon monoxide, and carbon dioxide occluded in copper 
= andintin. In sound castings at least 90 per cent. 
of the occluded gas was hydrogen. In unsound castings 
the gas contained a considerable portion of carbon 
monoxide and some carbon dioxide. They state that 
the presence of occluded hydrogen in sound castings 
had no deleterious effect on the mechanical properties 
of the metal, and that chill cast bars contained less gas 
than bars cast in the ordinary manner. 


* Com Rendus, November, 1910; Journal of the 
Institute of Metals, vol. iv. 








A. Sieverts and W. Krumbhaar* found the solubility 
of hydrogen in copper to be proportional to the tempera- 
ture and the square root of the pressure, and to be much 
greater in the liquid than in the solid state. 


__ 


APPENDIX. 


Methods of carrying out chemical analysis and deter- 
mination of tensile strength, specific gravity and electrical 
conductivity. 

CHEMIcAL ANALYSIS. 


Arsenic and Antimony.—The distillation method was 
finally adopted for the estimation of these impurities, 
the arsenic being precipitated as sulphide, redissolved 
in aqua regia ; reprecipitated a8 magnesium-ammonium- 
arsenate, and after ignition weighed as magnesium 
pyro-arsenate. 

The antimony was precipitated as sulphide and 
converted into tetroxide by fuming nitric acid. After 
ignition it was weighed as tetroxide. 

ismuth.—Abel and Field’s method was used, the 
bismuth being precipitated as hydrate and weighed after 
ignition as trioxide. 

Sulphur.—This was ep en by solution of the 
cop in aqua ia and subsequent precipitation as 
sal pn mPa the cases noted in the body of 
the paper, in which separation of sulphur occurred duri: 
solution of the copper in aqua regia, the qopncetel 
sulphur was filtered off and estimated separately by 
oxidation with bromine water and subsequent precipita- 
tion as above, 

Hydrogen.—This was estimated by combustion of 
filings of — at 900 deg. C. in pure oxygen, which 
was finally dried by Poy seer pentoxide before passing 
over the copper, and the water vapour formed during its 
passage over the heated copper absorbed by phosphorus 
pentoxide and weighed directly. 

Tensile Tests.—A round bar with a test diameter of 
4 in. and a stretching length of 2 in. where possible was 


Specific Gravity.—This was measured on the whole 
bar as cast by weighing the bar in air and again in water, 
and calculating the specific grevity from these results. 

Electrical "Oe ity.— order to measure the 
electrical conductivity a longer and thinner bar than 
before was cast. The bar was about a foot long and 

in, diameter, and was cast on end, with a small cup- 

ped reservoir (holding about 100 grammes of metal) 
at the top to supply molten metal during solidification. 
The sound bar so obtained was then milled down to } in. 
square and the electrical conductivity measured by taking 
the drop in potential along a measured length of the bar 
in a Kelvin double-bridge apparatus. During milling 
the bar of treated .opper appeared to be distinctly softer 
and worked more treely than the other two. 

The experiments were carried out in the Metallurgical 
Laboratories of the Municipal College of Technology, 
Manchester. 





THE REMOVAL OF INTERNAL STRESS IN 
70:30 BRASS BY LOW TEMPERATURE 
ANNEALING. ¢ 


By H. Moors, OF. Bbe.. atte and 8. BeokrInsaLz, 
In the 1914 May Lecture to this Institute, va 
indicated the dangers arising from the presence of inter: 
stress in metals, and referred to the removal of such 
stress by heating to comparatively low temperatures. 
Merica and Woodward|| in several important papers 
have discussed the season cracking of brass and its 
causation by initial stress, and have stated that the 
stresses may be almost entirely removed by annealing 
at temperatures of 300 deg. to 400 deg. C., without 
sensible effect on the pa Be physical oi. 
Season pe has been di by Campbell, 
Bassett** and Webster,tt and by Pricett, who foun 


that internal stress was remo from cartridge cases 





* Berichte der deutschen chemischen Gesellschaft, 1910, 


vol. xliii, pages 893 to 900; Journal of the Institute of 
Metals, vol iii, e 288. 

+ Paper read ore the Institute of Metals, March 12, 
1920 


t Communication from the Research Department, 
Woolwich. 

§ E. Heyn, ‘‘ Internal Strains in Cold-Wrought Metals 
and some Troubles caused thereby,’ Journal of the 
Institute of Metals, No. 2, 1914, vol. xii, e 3. : 

|| P. D. Merica and R. W. Woodward, ‘‘ The Failure 
of Structural Brasses,’’ Transactions of the American 
Institute of Metals, 1915, vol. ix, 298. “ Initial 
Stress and Corrosion Cracking,” i of the 
American Society for Testing Materials, 1918, vol. xviii, 
Part II, 165. ‘*Failure of Brass,’ Bureau of 
Standards Technologic Paper, No. 82, 1917. ati 

4 W. Campbell, ‘Season Cracking and Splitt of 
Condenser Tubes and Pipes,’’ Proceedings of the American 
Society for Testing Materials, 1918, vol. xviii, Part II, 


page 147. 

*W. H. Bassett, ‘“‘The Causes and Prevention of 

Corrosion Cracking,” Proceedings of the American 

amy aa Testing Materials, 1918, vol. xviii, Part II, 
53. 

“ft W. R. Webster, ‘‘ Season Cracking,” ae TY 
of the American Society for Testing Materials, 1918, 
vol. xviii, Part II, 63. 

tiW. B. Price, “The Prevention of Season and 
Corrosion Cracking of Brass Artillery Cases by Special 
Heat Treatment,” Proceedi of the American ees A 
for Testing |Materials, 1918, vol. xviii, Part : 
page 179. 





by heat treatment for 1 hour at 260 deg.C. Rawdon* 
in very thoroughly the use of mercury 
for the detection of internal stress which may result in 
season in brass. -Solutions of meroury salts have 
been used for purpose by other workers named above. 
The authors are pleased to note that F. Rogerst has 
recently referred to his introduction and development of 
this method of testing, in 1905, at the Research s 
ment, Woolwich, where the test has since been e vely 
tsed. Hatfield and Thirkellt have studied internal 
stress and season cracking in articles spun from brass 
sheet, and the development of stress by s ing. 
Bengough and Hudson,|| and thewson and 


Philli ay ve observed the slight hardening ocourring 
when al d-worked brass is first heated to en, cg, soa 


not ex 300 deg. C. This phenomenon 
discussed by ter and Taverner. ** 
It is now generally recognised that considerable internal 


stresses frequently exist in brass articles which are 
subjected to cold-work operations during manufacture, 
and that these stresses may bring about failure by 
cracking, either through lapse of time or under the action 


of certain substances, among which morcury (in the 
form of solutions of its salts) and ammonia are y 
active. For some time the authors have employed the 


term ‘stress cracking” to indicate this type of failure, 


and “ accelera’ agents” to indicate those substances 
which hasten the elopment of cracks in brass in a state 
of stress. 


Internal stresses are readily removed by annealing. 
The Brinell hardness of fully-annealed 79 : 30 brass is in 
the neighbourhood of 50 to 60, and may be raised by 
cold-working to about 210. Any desired intermediate 
degree of hardness may be obtained by controlling the 
amount of deformation imparted in the saaeing 
operation, Annealing, as usually understood an 
applied, removes the i d hard 
work to a large extent, if not entirely. It is frequentl 
important, however, to retain the increased strength 
imparted by cold work, and brass articles made, for 
example, by drawing, frequently require a Brinell 
hardness of 100 to 160 to ensure serviceability. These 
ent indicate that an annealing which seriously 





reduces hardness of the brass is not generally 
applicable, 

t is, ble in many cases to lay down limits of 
Brinell within which the bost results are 


obtained in service. These limits are not necessaril 
the same for different parts of the same article; it 
frequently desirable that the article should be harder in 
one region than in another, and systematic variations 
from, say, 80 to 160 Brinell hardness may give the best 
results. It is therefore useful to know the effect of any 
given treatment on brass of any 5 

In the course of an investigation into the failure b 
stress-cracking of certain components of war stores made 
from 70: 30 brass by a process of cold working, it was 
found that internal stress could be entirely removed 
without important reduction of hardness, by annealing 
within certain limits of tem ture. This led to the 
more careful determination of the minimum temperature 
at which internal stress can be completely removed 
and the effect of annealing, within the temperature 
studied, on Brinell hardness. Both as regards 
removal of stress and the effect on hardness, length of 
time of annealing is a factor of great importance. The 
results, which should be of perfectly general application 
to cold-worked 70:30 brass, are given in com- 
munication. The experimental work described has formed 
part of a investigation into internal stress and 
stress cracking in brass which has been in progress in 
the Research De; ent, Woolwich, for some time ; 
it is hoped to publish results dealing with other aspects 
of the problem at later dates. 

A considerable amount of evidence has accumulated, 
indicating that (1) a cold-worked article of 70 : 30 brass 
in which internal stress is present involving any risk 
of cracking, sooner or later, will invariably crack in a 
short time when acted upon by mercurous nitrate 
solution of suitable strength; (2) s free from 
serious internal stress do not crack i 
to the action of mercurous nitrate solution. 
solution may therefore be used as a test for the presence of 
in stress. ° 
For the purposes of this work it was necessary to 
prepare large numbers of specimens in a state of internal 
stress and identical i Bava ® g- perties. Small flanged 
cups spun from fully 70: 30 brass sheet were 
found to be entirely suitable. Great numbers of these 
(not annealed) have been tested in mercurous nitrate 





* leiane “Beowea “The Vee a. Merc rd 
Predict Season aoe irass,”’ of 
the American Society for Testing Materials, 1918, vol. 
xviii, Part II, 189, 

+ Journal ot the Institute of Metals, No. 2, 1919, 


vol, xxii, eo 114. 

t W. H. Hatfield and G. L. Thirkell, “ Season Crack- 
ing,” Journal of the Institute of Metals, No. 2, 1919 
vor xxii, page 67. (A useful bibliography is appended 
to this paper.) 

§ G. y, “* Recherches sur les alliages de cuivre et 
de zinc,” Contribution a4 L’ Etude des Alliages, 1901, 
1. 


Solutions for 


G. D. Bengough and O. F. Hudson, “The Heat 
Treatment of Brass,’ Journal of the Institute of Metals, 
No. 2, 1910, vol. iv, page 92. 

1S: H. Mathewson and A. Phillips, “ epee! beree 
of Cold-Worked — Brass on Annealing,”’ Transactions 
of the American titute of Mining Engineers, 1916, 


vol. liv, 608. 

*e'H. C. H. ter and L, Taverner, “The Effects 
of Heat at Various Temperatures on the Rate of Softening 
of Cold-Rolled Aluminium Sheet,"”” Journal of the 
Institute of Metals, No. 2, 1917, vol. xviii, page 115, 
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solution at short and long intervals after spinning, and 
without exception have develo numerous cracks, 
generally similar in form, number, and in the time 
Sehuired : for their development. The composition of the 
brass sheet, which was 0-035 in. thick and had a Brinell 
hardness of 58, was as follows :— 


ie 
Copper mee eee 0-4 ‘ 
Zine (by difference) 29-5 
yar ae 7 <0-01 
Tron 0-04 
Lead ... <0°01 
Nickel 0-04 
Bismuth 0-0006 
Manganese 0-001 
Antimony 0-004 
Arsenic aa Nil 


The form and dimensions of the spun cups are shown 
in Figs. 1 and 2; they were spun, from discs 4-2 in. 
in diameter, on a former by means of a roller, the flanges 
being turned over afterwards. The cups were not 
annealed during any of the spinning operations. Brinell 
hardness tests m on the exterior surfaces of spun 
cups, along a diameter with a ball of 1 mm. diameter 
and a load of 10 kg., gave the following average results :— 


Brinell 

Hardness 

Number. 
On flange ... so eae — ents 143 
Junction of flange and dome ah 148 
0-25 in. from flange de 142 
0-5 in. from flange 125 
0-75 in. from flange 112 
1-0 in. from flange 83 
1-25 in. from flange 64 
1-5 in. from flange 62 
1-75 in. from flange ms oe 62 
2-0 in. from flange GA & 62 


At each position tested the variations from the average 
Brinell hardness figures given were very small, 

The mercurous nitrate test is carried out as follows, 
The article or specimen to be treated is pickled for 
30 seconds in a bath containing 40 volumes of nitric 
acid (1-42 specific gravity) and 60 volumes of water. 


It is then thoroughly washed in water and immersed | 
for 5 minutes in a 1 per cent, solution of mercurous | 





(6251A) 


nitrate containing 1 per cent. by volume of nitric acid 
(1°42 specific gravity). The surface becomes well 
coated with mercury. The specimen is kept under 
observation during and after this treatment, and the 
time at which cracks first appear is noted. Cups which 
have been kept at ordinary temperatures after spinning 
crack within 3 minutes from time of immersion in 
mercurous nitrate solution. The cracks commence at 


the junction of the flange and dome and extend in a | 


direction at right angles to the flange. Small subsidiary 
cracks branching from the main cracks and parallel to 
the flange develop later. Figs. 3 and 4, page 395, show 
the form of the cracks. Their extent and nature and the 
time in which they appear give a good indication of the 
distribution and tive amount of stress present. 
When stress has been almost completely removed by 
annealing, extremely fine cracks develop in the dome 
many days after the mercurous nitrate test, but no cup 
has yet nm found to crack at a longer interval than 
28 days after immersion. Mercury-treated cups which 
do not crack after prolonged storage are regarded as 
being free from harmful internal stresses. 

The effect of the heat treatments applied on Brinell 
hardness was determined, not on the cups themselves 
but on flat strips of brass (of similar composition and 
made from the same materials) cold-rolled to different 
degrees of hardness. The cups were not suitable for 
the hardness tests since the hardness varied considerably 
at different points in the same cup, and also because it 
was desired to ascertain the effect of the treatment on 
brass of several widely different degrees of initial hardness. 
The strips were not given any heat treatment after 


rolling and before the tal low-tem ture 
coneel under investigation. Strips of Brinell hard- 
ness of about 90, 120, 165, and 200 were used. Although 
there were ap’ i variations in hardness between 


different strips of the same batch, each specimen was 


“az uniform in hardness, 
he results of tensile tests made on this material and 





















































on fully-annealed sheet are given below to give a general | temperatures ranging from 100 deg. C. to 325 deg. C., 
indication of the tensile strengths corresponding to the | to submit the cups to the mercurous nitrate test and to 
various Brinell hardnesses mentioned in the course of | determine the hardness of each strip before and after 
this paper. annealing. Fresh cups, in no case fewer than three in 
Taste I. number, were used for each temperature and time of 
rr ng, and at the more critical temperatures and 
Brinell | Maximum’ Elongation per Cent. | times eight to twelve cups were treated, 
Mark. Hardness. Load. on 4 Vera at 100 deg C. was carried out in a steam 
oven. Protracted ing at 200 . C. was con- 
eo a My cham surroun: by molten 
tons per carnauba wax. other annealings, including those 
4% for less than 24 hours at 200 deg. C., were carried out in 
A 196 52-0 7 bath of molten carnauba wax, the temperatures bein, 
196 51-6 7 * ‘ g 
140 30-7 1B taken with a standardised mercury thermometer. The 
B 147 38-6 14 wax was thoro' ly and constantly stirred by means of 
® 119 28-3 .| 31 @ paddle, and t were sup on & wire 
117 28-4 11 (broke near end). | mesh tray 1-5 in. above the bottom of the bath, which 
D Aa , 25-3 54 was heated by a gas ring. In the steam oven and wax 
: 91 24-9 53 bath the temperature was maintained within + 1 deg. 
Annealed sheet 58 19-7 60 or 2 . C. of that desired, but rather ter variations 
in the long heatings at 200 . C., although 
TABLE It. 
Brinell Hardness Numbers of Brass Strips submitted to the same 
Annealing Treatment. 
5 Time in | Time in which Cups Cracked after 
z Annealing | Treatment in Mercurious Nitrate Series A. Series B. Series C. Series D. 
& Bath. Solution. 
& Before | After Before | After Before | After Before | After 
Anneal-| Anneal-| Anneal-|} Anneal-| Anneal-| Anneal-| Anneal-| Anneal- 
. ing. ing. 4 ing. ing. ing. ing. 
i ny | 44a Cracked in solutio 
4days .. in solution 209 213 166 171 125 129 93 93 
11 days Cracked in solution 209 213 166 169 125 123 93 92 
32 days Cracked in solution 209 216 166 167 125 122 93 92 
55 days Cracked in solution 212 201 169 161 125 129 93 92 
200 1 minute | Cracked in solution 202 196 158 160 124 123 4 95 
5 min Cracked in solution 201 199 162 164 124 124 90 91 
10 nfinutes| Cracked in solution 192 200 157 164 119 123 91 92 
20 minutes | Cracked in solution 188 210 158 161 130 132 90 91 
lhour ..| Cracked in solution 209 221 169 177 125 137 93 O4 
2 hours Cracked in solution es 211 227 168 183 126 131 91 91 
8 hours Cracked in solution se 211 223 169 180 131 137 93 96 
6 hours Cracked in less than 1 hour 210 223 166 177 124 127 96 95 
24 hours ..| Cracked in less than 1 hour 190 200 154 164 126 126 91 90 
48 hours ..| Cracked in less than 4} hours .. 189 179 156 157 125 125 98 97 
s ae ts agape] rod ae hours .. 186 190 156 165 124 129 90 90 
ours neracked after ays 184 174 154 1 
120 hours ..| Uncracked after 20 days = 5 — _ = 7” a i ae 
225 1lminute | Cracked in solution as — —_ — ont on ‘ms — am 
5 minutes | Cracked in less than 3 hours... a —_ — — — _ _ _ 
10 minutes | Cracked in less than 24 hours .. os — _ _ —_ _ — _ 
* — pnp on — = ay 24hours .. — — — _ _ —_ — _ 
our .. acke solu’ 0% ad 210 227 171 175 125 133 93 
2 hours ..| Cracked in less than 20 hours .. 205 219 168 172 123 138 95 95 
3 hours ..| Cracked in solution s0 ee 207 217 166 175 124 128 93 92 
6 hours ..| 5 cups cracked within 24 hours 207 214 165 174 124 129 93 93 
83 uncracked after 28 days 
24 hours ..| 1 cup cracked within 10 days _ — — — ome _ — —_ 
2 cups un after 10 days 
48 hours ..| Uncracked after 10 days F _— a = in cam 9 = - 
250 1 minute | Cracked in solution oe 195 208 160 165 113 124 86 92 
5 minutes | Cracked in less than 3 hours 196 206 157 166 118 124 89 95 
10 minutes | Cracked in less than 24 hours .. 188 196 156 166 117 127 91 96 
20 minutes | Cracked in less than 24 hours .. 190 196 158 164 115 123 85 95 
lhour ..| Cracked in less than 24 hours .. 207 207 167 176 121 126 94 94 
2 hours ..| Cracked in less than 10 days 206 177 167 175 122 123 90 89 
8 hours ..| Cracked in less than 3 days 207 171 165 172 122 123 93 93 
4hours ..| 2 cups cracked after 4 days — — _ — — — — — 
1 cup uncracked after 14 days 
. oo on asa t pete is co o¢ —_ — — _ _ —_ — — 
ours ..| Unerac after 208 154 166 1 1 4 
275 | 15 seconds ee oe ee il 194 202 —_ wey = = i ag = 
30 seconds ee od oe 197 212 —_— — —_ — — — 
Ocul Laetiaidin. sock. ar Se 15: 12 12 9 9 
ui 6 ox 190 197 156 1 121 124 93 93 
5 minutes | Cracked in less than 24 hours .. 194 192 156 ist 131 132 91 89 
10 minutes | Cracked in less than 24 hours .. 192 190 157 163 122 123 95 OF 
a 15 minutes | 2 cups cracked in less than 3 days ~ — chet pra she eins onl poe 
2 cups uncracked after 14 days 
20 minutes | 4 cups cracked in less than 3 days 191 158 156 156 124 122 88 85 
4 cups uncracked after 28 days 
lhour ..| Uncracked after 28 days wis 209 157 172 170 123 125 oF 92 
hours ..| Uncracked after 28 days 210 148 171 154 127 127 95 91 
: = od be oe — = aay. po 144 172 147 123 122 92 90 
ours . nerac! after ys 138 173 1 1 ll OF 89 
280 | 15 minutes; Uncracked after 14 days -- _ —_ So = be — _ 
20 minutes | Uncracked after 14 days _ —_ _ — _— = _ _— 
60 minutes | Uncracked after 14 days _- _ — ~— —_ _ -— _ 
285 | 20 minutes| Uncracked after 14 days _ == = —_ — — _— _ 
min’ Uncracked after 28 days «¢ — as — —_ _ — -- — 
290 | 20 minutes | Uncracked after 14 da: oa -- — — _— — — — _ 
300 iminute | Cracked in less than 3 Cees ée 186 199 156 64 126 126 90 92 
5 min’ ee ee e° - 192 161 158 157 123 120 93 91 
10 minutes | Uncracked after 28 days 194 148 155 155 122 121 95 93 
15 minutes} 1 cup cracked after 8 da: 214 154 169 160 125 128 93 91 
2 cups uncracked after 20 days 
4 —— eee =e HY on 137 154 136 123 118 92 4 
incrac! after a) 144 167 1 127 128 93 
825} 1minute in less 3 hours — —_ it > on — — _ 
5 minutes | Uncracked after 28 days _ —_ _ — — —_ _ —_ 
10 minutes | Un after ys as _— — ~_ — — _— _ 
20 minutes | Uncracked after 28 days — —_ — = — — _ —_ 























The Brinell hardness tests were made with a ball of 
2 mm. diameter and a load of 40 kg. ; each result given 
is the average of at least three tests. The accuracy of 
hardness determination is considered to be well within 
2 per cent., and usually within 1 per cent. The 
advantages of the Brinell test for work of this kind are 
very considerable, especially when a small ball, with 
corresponding small load, is used. The test does not 
involve destruction of the specimen, and the same 
specimen can be tested before and after treatment, 
and also at successive stages in the treatment. Several 
tests can be made on the same piece at each stage, for 
checking aug orn and such tests afford a useful indica- 
tion of t legree of uniformity of the material used. 

The procedure followed was to anneal, for different 
periods, strips of known hardness and spun cups at 





the temperature never rose above 203 deg. C. All cups 
were thoroughly examined for cracks before and after 
annealing ; no cracks were found. The detailed results 
of the experiments are given in Table II. 


SumMMARY AND CONCLUSIONS. 


In these experiments the minimum times in which 
ternal low- 


in stress was completely removed by 
temperature annealing were :— 
Temperature. Deg. C. Time. 

200 ose ws 96 hours 
225 48 hours 
250 5 hours 
275 1 hour 
300 20 minutes 
325 5 minutes 
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The minimum times in which any notable softening 
effect was produced were :— 


Temperature 

Deg. C. Approximate Initial Brinell Hardness. 

e 200 165 120 

200 No 
225 Important 
250  @2hours | REDUCTION 
275 20 minutes 2 hours IN 
300 § minutes 20 minutes | HARDNESS 


From these two tables it will be seen that: (1) The 
harder the hrass, the lower the tem ture and the 
shorter the time of annealing. which will cause a reduction 
of ess. 

2) 70: 30 brass cold-worked to about the maximum 








such as have been used in this work, indicates that when 
no heat treatment has been applied after spinning the 
internal stresses are very high. It is bably a safe 
assumption that they. are at least as high as the stresses 
t in any article made by cold-working 70 : 30 
ce, The authors conclude, from their experience with 
spun cups and with numerous manufactured articles of 
various forms, that a treatment which will remove the 
stresses existing in the spun cups described is sufficient to 
remove the internal stresses from any manufactured article. 
Treatments which do not entirely remove internal 
stresses may nevertheless be sufficient to bring about a 
great reduction in such stresses. In the spun cups the 
reduction of stress is indicated by the longer time 
required to develop cracks after mercury treatment, 
and by the diminution in number, length, and width 
of the cracks. 


Fic. 4. 


View of Cups (outside surfaces) spun from 70 : 80 brass and treated with mercurous 


nitrate solution, showing cracks. 


possible hardness (about 200) begins to show some 
reduction of hardness at temperatures and times which 
are insufficient to remove internal stress completely. 
This degree of hardness is, however, rarely obtained in 
brass articles, and is probably never necessary. Even in 
brass of this hardness internal stress may be completely 
removed by treatment involving only a very moderate 
reduction of hardness. 

(3) For 70 : 30 brass cold-worked to a Brinell hardness 
not exceeding 165, there is a useful range of temperature, 
in which internal stress may be completely removed 
without appreciable loss of ess. Annealing for 
1 hour at 275 deg. C., or for rather shorter times at slightly 
higher temperatures, is a treatment which is generally 
poe mer cases tg there is no serious objection 

anneali sli lower temperatures 
may be used, and these Bc cay, A risk of undesirable 
softening. Five hours at 250 deg. C. might be suitable 
in such cases. It is rarely, if ever, that a Brinell hardness 
exceeding 165 is required in 70:30 brass, and lower 
figures are sufficiently high for most purposes. 

The behaviour, under a variety of tests, of spun cups 





Actual size. 


Internal stress is not removed, and does not appear 


to be appreciably reduced, by annealing at 100 deg. C. 
weeks 


for man . 

The first effect of low-temperature annealing is 4 
distinct increase of hardness. his hardening has been 
observed at all temperatures used between 100 deg. C. 
and 300 deg. C. The higher the temperature the shorter 
is the duration of this increased hardness. 

The authors are indebted to Mr. D. H. Walters, 
B.8Se., A.1.C., for much assistance in the experimental 
work. 








Tue Danise Navy.—The Danish journals announce 
the retirement of Mr. Jean Charles Tuxen, who has been 
Director of Naval Construction and Machinery, Royal 
Danish Navy, for a period of twenty-five years. It is 
interesting to note that in 1874 Mr. Tuxen entered the 
Royal Naval College, Greenwich, and that in 1877 he 
was first in the final examination. Director Tuxen has 
many friends in this country and has for many years 
been a member of the Institution of Naval Architects. 


CATALOGUES. 


Oil Power.—aA little monthly publication issued by 
Messrs. Plenty and Son, Limited, Newbury, gives useful 
information about oil fuel for engines, boilers, &c. 

Steel Piling.—Two issues of & monthly publication, 

ublished by the British Steel Piling Company, Dock 

ouse, a Sava or aaa contain some 
interesting information about pi ving hammers 
and general plant. 

Miner’s Compase.—A dipping needle, or “ miner's 
compass,” for tracing the presence of ic iron ore 
and measuring etic deviation or inclination, shown 
in @ very neat and compact leather case, is illustrated in 
@ leaflet to hand from Messrs. T. Cooke and Sons, 
Limited, 3, Broadway, Westminster, London, 8.W. 1. 


* 

Concrete Inserts —A catalogue of bolt hanger sockets 
and slotted insert pieces comes from Building Produocts, 
Limited, 44, King’s-road, London, 8.W. 3. These 
inserts are for g in concrete walls, floors, ceilings, 
&c., during the laying of the concrete so that shafting, 
| Ranges, &c., can afterwards be. fixed without cutting 
| the concrete. ‘ 


| Non-Ferrous Castings.—A catalogue from Haywood 
| Foundries, Limited, of 30, Seaton-street, Euston-road, 
London, N.W. 1, shows some micro-photographs of their 
metals. i are made at these foundries in brass, 
| copper, aluminium, anti-friction metals and various 
| bronzes, including high tensile qualities for steam fittings, 
gear wheels, propellers and chemical facturing 
plant. 


| Steel Sheet Piling.—Full size drawings of the sections 
|of steel sheet piling made by the Cargo Fleet Iron 
| Company, Limited, of Middlesbrough, to the designs of 
| the 1 Fe fewer, Steel Company, have reached us. 
| The straight sheet piling is 12} in. between the locking 
| centres and has a web 3 in. thick—the weight being 
40 ad foot run of piling bar or 38 lb. per square foot 
| of surface. The circular piling, with j-in. web, weighs 
3 lb. less per square foot of surface. In this type the 
web is arched in cross-section. 


Wet Air Filters.—The ng cool, clean 
and moist air through an electric Fagg and the 
advantages of so doing, are lucidly explained in a 
catalogue issued by the Premier Cooler and Engineering 
Company, Limited, of Shalford, near Guildford. The 
filters are made in 25 standard sizes, with capacities 
ranging from 2,700 cub. ft. to 63,000 cub. ft, of air per 
minute. The air is washed by water spray, filtered, 
and all free moisture removed during its passage through 
the machine. The system is also applicable to general 
——_— of the atmosphere in factor.es and other 
uildings. 
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Saws.—Messrs. E. ©. Atkins and Co,, Indianapolis, 
U.8.A., claim to make the greatest variety of saws 
of any firm in the world, and it will not be easy to dispute 
the claim. Their catalogue extends to 260 well 
filled with lists and illustrations of saws for wood, metal, 
cork, ice, bone and everything that can be sawn by 
hand or machine, Wood cutting seems to call for a great 
variety of tooth form, while metal of all kinds, and at all 
cutting s ,» needs very little variation of tooth. 
The firm make a great variety of knives for machines, 
as well -” lapel ow or hand tools eline of similar 
material to saw es. Sharpening, setting, swaging, 
and other tools for dressing saws are dealt with in the 
catalogue, which is really a very remarkable and most 
instructive book. 


Traction Engines.—Steam traction engines are well 
| represented in a catalogue received from Messrs. Marshall, 
Sons and Co., Limited, of Gains h, who make four 
sizes with single cylinders and four sizes with compound 
cylinders. The four sizes of single-cylinder engines will 
handle loads of 12 tons, 15 tons, 18 tons and 20 tons, 
respectively, on fair roads and mi inclines at a 
sey of 4 m.p.h., or up inclines of 1 in 12 at 2 m.p.h. 
he economical brake horse-powers for belt drivin 
| corresponding to these hodiing prose are 18, 21, 24 an 
| 28. The compound sets are only slightly more powerful, 
| and are chiefly recommended for use where water is scarce. 
| These traction engines maintain their ition in their 
| own spheres of work irrespective of intrusion of 
tractors, be mes , &e. T are ee i : of hee 
| an t power, ing, for example, four large 
= poet of Soar. or two large w of broken stone, 
| with a sleeping van for the men. ll the latest improve- 
| ments of material and workmanship in and 
| boilers are embodied in them, and they form a very 
| considerable item of our exports, 





| Woruip’s Propuction or Perrotzum.—The following 
| figures of the world’s production of petroleum, taken 
from Power, New York, are interesting. The total 
world production in 1918 was 514,729,354 barrels of 
42 gallons, equal to 69,975,036 metric tons, of which 
the United ‘States produced 69-15 per cent., Mexico 
12-40 per cent., Russia 7-86 per cent., Dutch East 
Indies 2-58 per cent., Roumania 1-70 per cent., India 
1-55 per cent., Persia 1-40 cent., and Galicia 1-09 per 
cent. The total production from 1857 to 1918 was 
7,503,147,138 barrels of 42 ns, equal to 1,006,308,791 
metric tons, of which total the United States uced 
61-42 cent., Mexico 3-80 per cent., Russia 24-96 per 
cent., Dutch East Indies 2-51 per cent., Roumania 
2-02 per cent., India 1-41 cent., Persia 0-19 per 
cent., Galicia 2-05 per cent., Peru 0-33 per cent., Japan 
and Formosa 0-51 per cent., Trinidad 0-10 per cent., 

0:07 per cent , Argentina 0-06 per cent., ny 
0-22 per cent., Canada 0-33 per cent., and other countries 
0-02 per cent. 
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** ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case; where none is tioned the Specification is not 





illustrated, 
Where inventions are communicated from abroad, the Name, &c., 
of the Communicators are given in italics. 
Copt of Speotortione may be obtained at the Patent Office, Sales 
ye , 25, Southam Buildings, Chancery-lane, W.C., at 
the uniform / vip of 64. 
The date of advertisement of the ce of a Complete 
is, in each case, given after abstract, uniess the 
‘atent has been sealed, when the word “‘ Sealed" is appended. 
Any person may, at any time within two months from the date of 
the advertisement of the ace 2 of a Complete Specification, 
notice at the Patent O of opposition to the grant of a 
‘atent on any of the grow mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


136,206. W. Hill, Chesterton, J. A. Cork, Chesterton, 
and The National Gas omg Limited, Ashton- | 
(4 3.) tober 7, 1918.—The 


under-Lyne. Crank le 
invention relates to the ventilation of the crank cases of internal | 
the exhaust gases | 


combustion engines, and it consists in usin 
from the engine to suck out gases or vapours from the crank-case. | 
Fitted on to the exit of the exhaust pipe 1 of an internal-com- | 
bustion engine 2 is a trumpet-sha; mouthpiece 3. The base 
of this mouthpiece is so formed with respect to the end of the 
exhaust pipe 1 as to constitute an annular s 4, having an 
pening 5 with ting means for a pipe leading from the 
crank-case of the engine 2. The exhaus gases proceeding from 





the lubrication of the overhead valve is effected by 
means of conduits, leading from a tr on the upper side 
through the conduit into the crank oan, The rovements 
are characterised by the formation and of a ular con- 
pepe oe Kf mycin soe Ka = oe be pwd re Ss the — 
such slot ig cover y a false wall and se g not only as an 
oil Laney but also to house a valve actuating gear. dis a wall 
running the whole length of the cylinder block and head. This 
wall may be cast integrally with the cylinder or crank-case, or 
both, or it may be a separate part attached to faces suitably 
formed and d to receive it. The wall d is fixed at such a 
distance from the outerside of the water jacket as to form a narrow 
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Seem ag A pels ache pT gage 
rear side, is made with an opening equal in width to, but slightly 
deeper than, the bar. F r, the top edge of the o in 
this plate is bevelled to engage the teeth in the bar. 

are preferably held at the correct height by | in 


ves 
milled in the casting, screw holes and screws be 


groo 
g provided 


























for attaching the plates to the castings. In the case of a round 

» the bar is grooved longitudinally, and pins extending from 
the plate on the front of the casting engage the grooves to prevent 
the bar rotating. Alternatively, the bar may have —~ = 


and in the plates, those in the rear plate be 
dpipertnns fe flang flanges to allow of the tilting of the bar. (Accepted 
December 17, 1919.) 


. T. Lumsden, Gateshead. Drilling Machines. 
; May 22, 1919.—This invention relates to vertical 
drilling machines, of the kind wherein two co-axial tool spindles 
are provided the one within the other, said spindles 
being either simultaneously or independently driven. A vertical 











drilling or boring machine, in accordance with this invention, 
the pipe 1, on emerging through the mouthpiece 3, cause a 


compeiees two co-axial tool spindles arranged the one within the 
other, characterised in that the inner or auxiliary spindle is 
supported by bal] bearings carried by the outer or main spindle. 
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slot ¢ having the water jacket wall for its inner side, and at the 
bottom being open to the crank-case by means of apertures 
formed between the bases which carry the valve tappet es 9, 
while at the top the slot is open to the chamber & con’ he 
valve rocking lever ¢. The oil filler f may be placed in any 
convenient position above the slot e. The oil supplied to the 
lubricating chamber A is conducted through the slot ¢ into the 
crank-case and the oil vapour and globules are forced upward 
thro! the slot e by the fluid pressure in the crank-case arising 
from leakages past the pistons or through othercause. Further 
the slot ¢ acts as a breather or vent to conduct oil to or from the 
crank-case from any form of mechanical lubrication employed 
for the valve gear. (Accepted December 10, 1919.) 














HYDRAULIC MACHINERY. 


136,080. Glenfield and Kennedy, Limited, 
and E. B . Kilmarnock. Sluice Valves. (3 Fige.) 
April 24, 1919.—The invention relates to that type of self- 
closing sluice valve which is controlled by a paddle e d to 
the flow of water, and operating to cause closure of the valve 
by increased velocity of flow duetoa burstinthe main. According 
to the invention, the arm A carrying the paddle C is so mounted 
upon the shaft which it operates to control the valve that it, the 
arm, may be drawn upwards into a closed chamber formed for it, 
thus carrying the paddle clear of the bore of the main D, so that 














reduced pressure therein, which serves to create a vacuum 
in the annular space 4, whereby the gases or vapours are sucked 
from the crank-case through the pipe 6. Interposed in the 
pmewe d 7 for cooling the or vapours as they are 
rawn from the crank-case. Below the condenser is a separator 
cqnemning of a straight length of pipe 8, of larger diameter than 
the pipe . The d gases or collect in the lower 
part of this pipe and may be drawn off through a valve 9, the 
rated water being automatically discha: by an outlet 10, 
leading from the bottom of the pipe 8. The portion of the 6 
connecting the crank-case to the separator enters (the latter at 
December “ 


or above the water discharge pipe 10. (Accepted 
19.) 


136,108. 8. S. ~~ Compton, near 
Internal-Combustion Engines. (1 Fig.) June 6, 1919.— 
According to this invention, the upper of the crank-case 6 
is cast on to the cylinder or cylinders 2, the latter being placed 
in the mould for that purpose prior to the casting operation. 
By this means the rigidity and other favourable features of the 
unit construction are secured in conjunction with a choice of 














The main spindle 1 is hollow and is 
nose 2 adapted to receive a drill. 
auxiliary spindle 3 also adapted to receive a drill. 
spindle is driven from the shaft 4. The auxiliary spindle 3 is 
riven by a belt through the pulley 10. The lower end of the 
auxiliary spindle is supported in the main spindle by a ball 
bearing 13 which prevents endwise movement of the auxiliary 
spindle in respect of the main spindle. The feed is common to 
both spindles. (Accepted December 10, 1919.) 


136,084. L. M. Ellis, Birmingham. Roller Bearings. 
(7 Figs.) May 2, 1919.—According to the present invention, in 
a roller bearing, the rollers are confined in a cage comprising & 
body pressed from sheet metal and having a conical or cy lindrical 
portion provided with holes at the ends of which are oppositely- 
disposed projections forming spigots for the rollers. 1 is a cage 
body pressed from sheet metal plate and having a conical portion 2 
provided with a series of holes 3 for accommodating the rollers 4, 
there being ribs or connecting pieces 5 between each two such 
holes. At the centre of each end of each hole is provided a 
projection 6 which is integral with the plate. The cage body is 
completed by an outwardly extending ge 7 at its larger end, 


rovided with a detachable 


ithin the main spindle is an 
Wolvcrham pton he main 
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. tg. /. 
free passage is afforded for brushing or other apparatus. A 
vertical slot E is formed in the upper end of the paddle arm A, 
and embraces a shaft F which is of substantially square section, 
and which is operated by the paddle arm to effect through a 
lever G the closure of the sluice valve (not shown). Connected 
to the upper end of the paddle arm is a screwed spindle H, which 
out through the cas: B, and is there provided with a 
d-operating wheel K. When the spindle is raised, the 
slotted portion E of the dle arm rides over the shaft F and 
withdraws the paddle C from its working position in the main, 
into which brushing or like apparatus may then be inserted 
without obstruction. (A December 17, 1919.) 
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Fig. 2. 


54 


2 
(136084) 
different materials for the two parts. The cylinder 2 is provided 
with an extension 3 at the base, and with an outwardly-inclined 
flange 4. In order to afford an intimate and firm connection with 
the crank-case to be cast on to it, the said flange and extension 
may be rough machined, and for the same purpose the latter 


may be also formed with a series of annular ves 5 or other 
projecting portions. (Accepted December 17, b19) 

135,805. Crossley Gorton, Man- 
chester, and R. H. Rose, Gorton, + Internal- 
Combustion Engines. (2 Figs.) July 18, 1919.—This inven- 
tion relates to internal-combustion engines of the class in which 


and an inwardly-extending flange at its smaller end. The rollers 
are provided with recesses 9 at the centre of each end, disposed 
to suit the projections upon the cage. That end of each roller 
which is to be disposed towards the larger end of the cage —_ 
have a rounded or conical hole 10, and the spigot-like project ~ 
upon the cage at this end is preferably pointed, whilst the Ba T 
spigot is less in length, and may be rectangular in shape. oe 
it is desired to assemble the rollers in the cage the smaller plgn 
is bent so as to enable the roller to be placed on the po ¢ 

‘ot, and when this has been done the smaller spigot is ben 
back to engage the recess in the end of the roller. ( 
December 17, 1919.) 
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120. W.S. A. Backhouse, Cheadle, Hulme. Bench 
Vices, (5 Figs.) July 12, 1919.—According to the invention, 
the bar c carrying the movable jaw }, instead of sliding in direct 
contact with cast-iron, is mounted to slide in mild steel or like 
ma d, ¢, accurately made and fixed to the front and rear faces of 

he stationary body part a of the vice, the opening in the cast-iron 
being made somewhat larger than the bar, so as to allow of its 
being formed (cast) without reference to the accurate fitting of 
the bar. The plate d on the front side is made with an opening 











